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afirst core base and a plurality of first hook-shaped poles. The
second rotor core includes a second core base and a plurality
of second hook-shaped poles. The first and second hook-
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1
ROTOR AND MOTOR

BACKGROUND ART

The present invention relates to a rotor and a motor.

As a rotor used in a motor, a rotor with a Randell-type
structure using a so-called permanent magnet field system is
known (for example, refer to Japanese Laid-Open Utility
Model Publication No. H5-43749), that includes combined
rotor cores, each having a plurality of hook-shaped poles in a
circumferential direction. A field magnet is arranged between
the rotor cores to cause the hook-shaped poles to function
alternately different in their magnetic poles.

In amotor that employs the above rotor, an output improve-
ment is desired, while itis also desired to suppress the number
of required components.

Further, in the rotor with the Randell-type structure using
the permanent magnet field system, in order to achieve high
output of the motor, rectifying magnets for rectifying mag-
netic paths are arranged between the plurality of hook-shaped
poles that is arranged alternately in a circumferential direc-
tion. The rectifying magnets are also called interpolar mag-
nets and are provided between respective poles. However,
another rectifying magnet is required to be provided on a back
surface side of each of the hook-shaped poles (at a surface
facing a rotational axis in a radial direction). This increases
the number of the rectifying magnets coupled to a single rotor.
This requires time and labor for the coupling and increases
costs.

SUMMARY OF THE INVENTION

A first object of the present invention is to provide a rotor
that can contribute to increasing an output of a motor while
suppressing an increase in the number of components, and a
motor including such a rotor.

A second object of the present invention is to provide a
rotor and a motor with which the number of components can
be reduced, time and labor for the assembly can be reduced,
and by which a low-cost and high-output motor can be real-
ized.

To achieve the first object, one aspect of the present inven-
tion is a rotor provided with a first rotor core including a
disk-shaped first core base and a plurality of first hook-shaped
magnetic poles arranged at equal intervals on a peripheral
portion of the first core base. Each of the first hook-shaped
magnetic poles protrudes outward in a radial direction of the
rotor and includes a first extended portion that extends along
an axial direction of the rotor. A second rotor core includes a
disk-shaped second core base and a plurality of second hook-
shaped magnetic poles arranged at equal intervals on a
peripheral portion of the second core base. Each of the second
hook-shaped magnetic poles protrudes outward in the radial
direction and includes a second extended portion that extends
along the axial direction. The first and second hook-shaped
magnetic poles are alternately arranged along a circumferen-
tial direction of the rotor in a state in which the first and
second core bases are opposed in the axial direction. A field
magnet is arranged between the first and second core bases in
the axial direction. The field magnet is magnetized along the
axial direction so that the first hook-shaped poles function as
first poles and the second hook-shaped poles function as
second poles. An auxiliary magnet includes at least two or
more interpolar magnet portions, which are integrally
formed. Each of the interpolar magnet portions is arranged in
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2

a void between the first hook-shaped poles and the second
hook-shaped poles and magnetized in the circumferential
direction.

To achieve the second object, a further aspect of the present
invention includes a rotation shaft, a first rotor core including
a first core base, which is fixed to the rotation shaft, and a
plurality of first hook-shaped poles, which are arranged on the
first core base at equal intervals and extend in an axial direc-
tion of the rotor. A second rotor core includes a second core
base, which is fixed to the rotation shaft, and a plurality of
second hook-shaped poles, which are arranged on the second
core base at equal intervals and extend in the axial direction.
Each of the second hook-shaped poles is arranged in a void
between corresponding first hook-shaped poles. A field mag-
net is arranged between the first rotor core and the second
rotor core. The field magnet is magnetized in the axial direc-
tion so that the first hook-shaped poles function as first poles
and the second hook-shaped poles function as second poles. A
plurality of first rectifying magnets each surrounds an entire
inner surface of the first hook-shaped pole. Each of the first
rectifying magnets is formed by a single member. A plurality
of second rectifying magnets each surrounds an entire inner
surface of the second hook-shaped poles. Each of the second
rectifying magnets is formed by a single member.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention, together with objects and advantages
thereof, may best be understood by reference to the following
description of the presently preferred embodiments together
with the accompanying drawings in which:

FIG. 1 is a sectional view of a motor according to the first
embodiment of the present invention;

FIG. 2 is a perspective view of a rotor shown in FIG. 1;

FIG. 3 is a partially exploded perspective view of the rotor
shown in FIG. 1;

FIG. 4 is a sectional view of the rotor shown in FIG. 1;

FIG. 5 is a perspective view of a rotor according to the
second embodiment of the present invention;

FIG. 6 is a sectional view of the rotor shown in FIG. 5;

FIG. 7 is a side view of the rotor shown in FIG. 5;

FIG. 8 is a perspective view of arotor according to a further
example;

FIG. 9 is an exploded perspective view of the rotor shown
in FIG. 8;

FIG. 10 is a perspective view of a rotor according to a
further example;

FIG. 11 is an exploded perspective view of the rotor shown
in FIG. 10;

FIG. 12 is a sectional view of the rotor shown in FIG. 10;

FIG. 13 is a perspective view of a rotor according to a
further example;

FIG. 14 is an exploded perspective view of the rotor shown
in FIG. 13;

FIG. 15 is a perspective view of a rotor according to a
further example;

FIG. 16 is an exploded perspective view of the rotor shown
in FIG. 15;

FIG. 17 is a perspective view of a rotor according to a
further example;

FIG. 18 is an exploded perspective view of the rotor shown
in FIG. 17,

FIG. 19 is a perspective view of a rotor according to a
further example;

FIG. 20 is a perspective view of a rotor according to a
further example;
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FIG. 21 is a perspective view of a rotor according to a third
embodiment of the present invention;

FIG. 22 is a sectional view of the rotor shown in FIG. 21;

FIG. 23 is a perspective view of an auxiliary magnet shown
in FIG. 21;

FIG. 24 is a perspective view of an auxiliary magnet
according to a fourth embodiment of the present invention;

FIG. 25 is a perspective view of a circumferentially divided
portion configuring the auxiliary magnet shown in FIG. 24;

FIG. 26 is a perspective view of an auxiliary magnet
according to a further example;

FIG. 27 is a perspective view of a circumferentially divided
portion configuring the auxiliary magnet shown in FIG. 26;

FIG. 28 is a perspective view of an auxiliary magnet
according to a further example;

FIG. 29 is a perspective view of an auxiliary magnet
according to a further example;

FIG. 30 is a plan view of an auxiliary magnet according to
a fifth embodiment of the present invention;

FIG. 31 is a plan view of an auxiliary magnet according to
a further example;

FIG. 32 is a plan view of an auxiliary magnet according to
a further example;

FIG. 33 is a plan view of an auxiliary magnet according to
a further example;

FIG. 34A is a plan view of an auxiliary magnet according
to a further example;

FIG. 34B is a perspective view of the auxiliary magnet
according to the further example shown in FIG. 34B;

FIG. 35 is a perspective view of an auxiliary magnet
according to a sixth embodiment of the present invention;

FIG. 36 is a perspective view of an auxiliary magnet
according to a further example;

FIG. 37 shows the structure of a motor according to the
seventh embodiment of the present invention;

FIG. 38 is an exploded perspective view showing a com-
ponent configuration of the rotor shown in FIG. 37;

FIG. 39 is a perspective view showing an outer appearance
of the rotor shown in FIG. 37,

FIG. 40 is a sectional view along a line 40-40 in FIG. 39,
describing a magnetic field generated in the rotor;

FIG. 41 is a perspective view showing a configuration of an
integrated permanent magnet according to a further example;

FIGS. 42A and 42B are explanatory diagrams, respectively
describing a method of magnetizing the integrated permanent
magnet;

FIG. 43 is an exploded perspective view showing a com-
ponent configuration of a rotor according to a further
example;

FIG. 44 is a sectional view describing a magnetic field
generated in the rotor;

FIG. 45 is a sectional view of a rotor according to a yet
further example;

FIG. 46 is a sectional view of a rotor according to a yet
further example;

FIGS. 47A and 47B are perspective views of a rotor
according to an eighth embodiment of the present invention;

FIG. 48 is a sectional view of the rotor shown in FIG. 47,

FIG. 49 is a plan view of the rotor shown in FIG. 47A;

FIGS. 50A and 50B are plan views of a rotor according to
a further example;

FIG. 51 is a sectional view of a brushless motor according
to a ninth embodiment of the present invention;

FIG. 52 is a perspective view of the rotor shown in FIG. 51;

FIG. 53 is a sectional view along a line 53-53 in FIG. 52;

FIG. 54 is an exploded perspective view of the rotor shown
in FIG. 52; and
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FIG. 55 is a perspective view describing magnetized direc-
tions of first and second rectifying magnets shown in FIG. 52.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

A first embodiment of the present invention will be
described below with reference to FIG. 1 to FIG. 4.

As shown in FIG. 1, a motor casing 2 of a motor 1 includes
a cylindrical housing 3 formed in a bottomed cylinder shape,
and a front end plate 4 that closes an opening of the cylindrical
housing 3 on a front side (left side in FIG. 1). Further, a circuit
containing box 5 that contains a power circuit such as a circuit
board and the like is attached to an end portion of the cylin-
drical housing 3 on a rear side (right side in FIG. 1).

A stator 6 is fixed to an inner circumferential surface of the
cylindrical housing 3. The stator 6 includes an armature core
7 including a plurality of teeth extending radially inward, and
a segment conductor (SC) wire 8 which is wound around each
tooth of the armature core 7.

A rotor 11 of the motor 1 includes a rotation shaft 12, and
is arranged inside the stator 6. The rotation shaft 12 is a metal
shaft made of a non-magnetic body, and is rotatably sup-
ported by bearings 13, 14, which are supported by a bottom
portion 3a of the cylindrical housing 3 and the front end plate
4.

As shown in FIG. 2 to FIG. 4, the rotor 11 includes first and
second rotor cores 21, 22, a ring magnet 23 as a field magnet
(see FIG. 4), first and second back auxiliary magnets 24, 25 as
back auxiliary magnets (see FIG. 3 and FIG. 4), and first and
second integrated auxiliary magnets 26, 27 as an integrated
auxiliary magnet.

The first rotor core 21 has, on an outer circumferential part
of a first core base 21aq that is a disk-shaped core base, first
hook-shaped magnetic poles 215 as a plurality (five in this
embodiment) of hook-shaped poles arranged at equal inter-
vals to protrude outward in a radial direction and extend in an
axial direction. Circumferential end surfaces 21¢, 21d of each
first hook-shaped magnetic pole 215 are flat surfaces that
extend in the radial direction (without being sloped relative to
the radial direction when seen from the axial direction), and
the firsthook-shaped magnetic pole 215 has a cross-section in
an axially orthogonal direction with a triangular shape. Fur-
ther, a width (angle) in the circumferential direction of each
firsthook-shaped magnetic pole 215, that is, the width (angle)
in the circumferential direction between the circumferential
end surfaces 21¢, 21d is set to be smaller than a width (angle)
of a gap between the first hook-shaped magnetic poles 215
that are adjacent in the circumferential direction. Further,
each first hook-shaped magnetic pole 215 is formed in a
rectangular shape as seen from outside in the radial direction.

Further, the second rotor core 22 has a same shape as the
first rotor core 21, and has, on a peripheral portion of a second
core base 22aq that is a disk-shaped core base, second hook-
shaped magnetic poles 225 as a plurality (five in this embodi-
ment) of hook-shaped poles arranged at equal intervals to
protrude outward in the radial direction and extend in the
axial direction. Further, circumferential end surfaces 22¢, 22d
of each second hook-shaped magnetic pole 225 are flat sur-
faces that extend in the radial direction (without being sloped
relative to the radial direction when seen from the axial direc-
tion), and the second hook-shaped magnetic pole 225 has a
cross-section in an axially orthogonal direction with a trian-
gular shape. Further, a width (angle) in the circumferential
direction of each second hook-shaped magnetic pole 225, that
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is, the width (angle) in the circumferential direction between
the circumferential end surfaces 22¢, 22d is set to be smaller
than a width (angle) of a gap between the second hook-shaped
magnetic poles 224 that are adjacent in the circumferential
direction. Further, each second hook-shaped magnetic pole
22b is formed in a rectangular shape as seen from outside in
the radial direction. Further, the second rotor core 22 is
assembled onto the first rotor core 21 such that the second
hook-shaped magnetic poles 225 are arranged respectively in
a corresponding void between the first hook-shaped magnetic
poles 215 (that is, arranged alternately with the first hook-
shaped magnetic poles 215 in the circumferential direction),
and further, as shown in FIG. 4, such that the ring magnet 23
is arranged (sandwiched) in the axial direction between the
first core base 21a and the second core base 22a that oppose
one another. Notably, at this occasion, a rectangular groove as
seen from the outside in the radial direction is formed
between the first hook-shaped magnetic poles 215 and the
second hook-shaped magnetic poles 225 in the circumferen-
tial direction (see FIG. 3).

The ring magnet 23 has an outer diameter set to be same as
an outer diameter of each of the first and second core bases
21a, 224, and is magnetized in the axial direction so as to
cause the first hook-shaped poles 215 to function as first poles
(N poles in the embodiment) and the second hook-shaped
poles 224 to function as second poles (S poles in the embodi-
ment).

Further, as shown in FIG. 3 and FIG. 4, the first back
auxiliary magnet 24 is arranged between a back surface (in-
side surface in the radial direction) of each first hook-shaped
pole 215 and an outer circumferential surface of the second
core base 22a. The first back auxiliary magnet 24 has a sub-
stantially rectangular parallelepiped shape having a cross-
section in the axially orthogonal direction with a triangular
shape. In order to reduce magnetic flux leakage at that por-
tion, the first back auxiliary magnet 24 is magnetized in the
radial direction so as to cause a side in contact with the back
surface of the first hook-shaped pole 215 to be magnetized to
the N pole similar to the first hook-shaped pole 215, and a side
in contact with the second core base 22a to be magnetized to
the S pole similar to the second core base 22a.

Further, as shown in FIG. 3 and FIG. 4, the second back
auxiliary magnet 25 is arranged between a back surface (in-
side surface in the radial direction) of each second hook-
shaped pole 225 and an outer circumferential surface of the
first core base 21a. The second back auxiliary magnet 25 has
a substantially rectangular parallelepiped shape having a
cross-section in the axially orthogonal direction with a trian-
gular shape; and in order to reduce magnetic flux leakage at
that portion, the second back auxiliary magnet 25 is magne-
tized in the radial direction so as to cause a side in contact with
the back surface of the second hook-shaped pole 225 to be
magnetized to the S pole similar to the second hook-shaped
pole 225, and a side in contact with the first core base 21a to
be magnetized to the N pole similar to the first core base 21a.

Further, as shown in FIG. 4, arrangement positions of each
first back auxiliary magnet 24 and each second back auxiliary
magnet 25 are set such that they overlap one another in the
axial direction at a position in the axial direction where the
ring magnet 23 is arranged, that is, in other words, such that
they are arranged also across the position in the axial direction
where the ring magnet 23 is to be arranged.

Further, the first and second integrated auxiliary magnets
26,27 are assembled to the first and second rotor cores 21, 22.

As shown in FIG. 2 and FIG. 3, the first integrated auxiliary
magnet 26 is configured by first and second interpolar magnet
portions 26a, 26b as interpolar magnet portions provided
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between the first hook-shaped poles 215 and the second hook-
shaped poles 225 in the circumferential direction, and a first
axially covering magnet portion 26¢ as an axially covering
magnet portion provided to cover an outer surface of the first
core base 21a in the axial direction, which are formed inte-
grally.

The first axially covering magnet portion 26¢ is formed in
a disk shape having a center hole through which the rotation
shaft 12 is to be inserted, and an outer diameter thereof is set
to be same as an outer diameter of each of the first and second
cores 21, 22 (rotor 11). The first axially covering magnet
portion 26¢ is provided to cover an entirety of a plan surface
of the first rotor core 21 on a side without protrusion of the
first hook-shaped poles 215 (one end surface in the axial
direction including the first core base 21a). Further, the first
axially covering magnet portion 26¢ is magnetized in the
axial direction so as to reduce magnetic flux leakage at that
portion (from the end surface of the first core base 21a in the
axial direction).

Further, the first interpolar magnet portions 264 are formed
to extend in the axial direction from an outer circumferential
side of a plan surface of the first axially covering magnet
portion 26¢, and a plurality of them (five in the embodiment)
is formed at equal intervals. Further, an axial length of each
first interpolar magnet portion 26aq is set to be half an axial
length of each of the first and second hook-shaped poles 215,
22b. Further, each first interpolar magnet portion 26a has a
substantially rectangular parallelepiped shape having a cross-
section in the axially orthogonal direction with a triangular
shape, and is arranged between a flat surface formed by the
circumferential end surface 21¢ of the first hook-shaped pole
215 at one side and a circumferential end surface of the first
back auxiliary magnet 24, and a flat surface formed by the
circumferential end surface 22d of the second hook-shaped
pole 225 at the other side and a circumferential end surface of
the second back auxiliary magnet 25.

Further, the second interpolar magnet portions 265 are
formed to extend in the axial direction from the outer circum-
ferential side of the plan surface of the first axially covering
magnet portion 26¢ between the first interpolar magnet por-
tions 26a, and a plurality of them (five in the embodiment) is
formed at equal intervals. Further, an axial length of each
second interpolar magnet portion 264 is set to be half the axial
length of each of the first and second hook-shaped poles 215,
22b. Further, each second interpolar magnet portion 265 has
a substantially rectangular parallelepiped shape having a
cross-section in the axially orthogonal direction with a trian-
gular shape, and is arranged between a flat surface formed by
the circumferential end surface 21d of the first hook-shaped
pole 215 at the other side and a circumferential end surface of
the first back auxiliary magnet 24, and a flat surface formed by
the circumferential end surface 22¢ of the second hook-
shaped pole 225 at one side and a circumferential end surface
of'the second back auxiliary magnet 25. Further, the first and
second interpolar magnet portions 26a, 265 are magnetized in
the circumferential direction so as to have the same polarities
as the first and second hook-shaped poles 215, 225 respec-
tively (at the first hook-shaped pole 2154 side the N pole and at
the second hook-shaped pole 225 side the S pole) in order to
reduce magnetic flux leakage at that portions.

As shown in FIG. 2 and FIG. 3, the second integrated
auxiliary magnet 27 is formed in a same shape as the first
integrated auxiliary magnet 26. That is, the second integrated
auxiliary magnet 27 is configured by first and second inter-
polar magnet portions 27a, 2756 as interpolar magnet portions
provided between the first hook-shaped poles 215 and the
second hook-shaped poles 225 in the circumferential direc-
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tion, and a second axially covering magnet portion 27¢ as an
axially covering magnet portion provided to cover an outer
surface of the second core base 22a in the axial direction
being formed integrally.

The second axially covering magnet portion 27¢ is formed
in a disk shape having a center hole through which the rota-
tion shaft 12 is inserted, and an outer diameter thereof'is set to
be same as the outer diameter of each of the first and second
cores 21, 22 (rotor 11). The second axially covering magnet
portion 27¢ is provided to cover an entirety of a plan surface
of'the second rotor core 22 on a side without protrusion of the
second hook-shaped poles 225 (one end surface in the axial
direction including the second core base 22a). Further, the
second axially covering magnet portion 27¢ is magnetized in
the axial direction so as to reduce magnetic flux leakage at
that portion (from the end surface of the second core base 22a
in the axial direction).

Further, the first interpolar magnet portions 27a are formed
to extend in the axial direction from an outer circumferential
side of a plan surface of the respective second axially cover-
ing magnet portions 27¢, and a plurality of them (five in the
embodiment) is formed at equal intervals. Further, an axial
length of each first interpolar magnet portion 274 is set to be
half the axial length of each of the first and second hook-
shaped poles 215, 225b. Further, each first interpolar magnet
portion 27a has a substantially rectangular parallelepiped
shape having a cross-section in the axially orthogonal direc-
tion with a triangular shape, and is arranged between the flat
surface formed by the circumferential end surface 21¢ of the
first hook-shaped pole 2154 at the one side and the circumfer-
ential end surface of the first back auxiliary magnet 24, and
the flat surface formed by the circumferential end surface 224
of'the second hook-shaped pole 225 at the other side and the
circumferential end surface of the second back auxiliary mag-
net 25.

Further, the second interpolar magnet portions 276 are
formed to extend in the axial direction from the outer circum-
ferential side of the plan surface of the respective second
axially covering magnet portions 27¢ between the first inter-
polar magnet portions 274, and a plurality of them (five in the
embodiment) is formed at equal intervals. Further, an axial
length of each second interpolar magnet portion 275 is set to
be half the axial length of each of the first and second hook-
shaped poles 215, 225. Further, each second interpolar mag-
net portion 275 has a substantially rectangular parallelepiped
shape having a cross-section in the axially orthogonal direc-
tion with a triangular shape, and is arranged between the flat
surface formed by the circumferential end surface 214 of the
first hook-shaped pole 215 at the other side and the circum-
ferential end surface of the first back auxiliary magnet 24, and
the flat surface formed by the circumferential end surface 22¢
of the second hook-shaped pole 225 at the one side and the
circumferential end surface of the second back auxiliary mag-
net 25. Further, the first and second interpolar magnet por-
tions 27a, 27b are magnetized in the circumferential direction
so as to have same polarities as the first and second hook-
shaped poles 215, 225 respectively (at the first hook-shaped
pole 215 side the N pole and at the second hook-shaped pole
22bthe S pole) in order to reduce magnetic flux leakage at that
portions.

Next, operation of the motor 1 will be described.

In the rotor 11, the magnetic flux leakage can be reduced at
the respective positions where the first and second back aux-
iliary magnets 24, 25, and the first and second integrated
auxiliary magnets 26, 27 (the first and second interpolar mag-
net portions 26a, 27a, 26b, 27b, and the first and second
axially covering magnet portions 26¢, 27¢) are arranged,
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whereby the rotor 11 can use magnetic flux of the ring magnet
23 eftectively for the output of the motor 1.

Next, advantages that are characteristic to the first embodi-
ment will be described below.

(1) Since the first and second interpolar magnet portions
26a, 27a, 26b, 27b that are magnetized in the circumferential
direction are provided between the first and second hook-
shaped poles 215, 225 in the circumferential direction, the
magnetic flux leakage at that portions (between the first hook-
shaped magnetic poles 215 and the second hook-shaped mag-
netic poles 22b) can be reduced. Further, since the first and
second axially covering magnet portions 26¢, 27¢ are pro-
vided on the outer surfaces of the first and second core bases
21a, 22q in the axial direction, the magnetic flux leakage at
that portions (from the end surfaces of the first and second
core bases 21a, 22qa in the axial direction) can be reduced. As
a result, the magnetic flux of the ring magnet 23 can effec-
tively be used for the output of the motor 1, and for example,
high efficiency and high output can be achieved. Further,
since a large number of components, i.e., the first and second
interpolar magnet portions 26a, 27a, 265, 275 and the first
and second axially covering magnet portions 26¢, 27¢ are
formed integrally into the first and second integrated auxiliary
magnets 26, 27, the number of components can be reduced
compared to a case of providing the same with separately
formed components. As a result, for example, component
management and assembly become easy. In addition, in the
case of assembling the interpolar magnet portions (the first
and second interpolar magnet portions 26a, 27a, 265, 275)
separately formed, any configuration that would prevent the
interpolar magnet portions from projecting outward in the
radial direction becomes necessary. However, such a configu-
ration can be omitted.

(2) Since the first and second axially covering magnet
portions 26¢, 27¢ are provided at both end surfaces of the
rotor 11 in the axial direction, the magnetic flux leakage from
the both end surfaces in the axial direction is reduced, and the
magnetic flux leakage can further be reduced compared to a
case of the axially covering magnet portion only on one end
surface in the axial direction, for example.

(3) Since the first and second integrated auxiliary magnets
26, 27 are provided in a pair with the same shape, manufac-
ture thereof becomes easy compared to a case of these two
auxiliary magnets with different shapes, for example.

Second Embodiment

Next, the second embodiment of the present invention will
be described with reference to FIG. 5 to FIG. 7. Notably, for
convenience of description, same configurations as the first
embodiment will be given with the same reference signs as
the first embodiment, and the description thereof will be
omitted.

As shown in FIG. 5 to FIG. 7, a rotor 11 includes first and
second rotor cores 31, 32, a ring magnet 33 as a field magnet
(see FIG. 6), and a connecting magnet 34 as an integrated
auxiliary magnet. Notably, arrows shown with solid lines in
FIG. 5 to FIG. 7 indicate magnetized directions (oriented
from S pole toward N pole) of the magnets 33, 34.

As shown in FIG. 5, the first rotor core 31 has a plurality of
first hook-shaped poles 315 (seven in the embodiment) as
hook-shaped poles formed on a peripheral portion of a first
core base 31a as a core base having a substantially disk shape.
Each first hook-shaped pole 315 includes a protruding portion
31c¢ protruded outward in a radial direction relative to the first
core base 31a, and a cog portion 31d formed to extend in an
axial direction from the protruding portion 31c.
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Circumferential end surfaces 31e, 31f of each first hook-
shaped pole 315 are flat surfaces that extend in the radial
direction (without being sloped relative to the radial direction
when seen from the axial direction), and the protruding por-
tion 31¢ has a cross-section in an axially orthogonal direction
with a triangular shape. The cog portion 314 is formed to
extend outward along the axial direction at a radially outer
end portion of the protruding portion 31¢, with a constant
width in the circumferential direction. An angle in the cir-
cumferential direction of each first hook-shaped magnetic
pole 3154, that is, an angle between the circumferential end
surfaces 31e, 31f'is set to be smaller than an angle of a gap
between the first hook-shaped magnetic poles 315 that are
adjacent in the circumferential direction.

As shown in FIG. 5 and FIG. 6, the second rotor core 32 has
a substantially same shape as the first rotor core 31, and has a
plurality of protruding portions 32¢ of second hook-shaped
poles 324 as hook-shaped poles on a peripheral portion of a
second core base 324 as a core base. The second core base 32a
has a substantially disk shape. Each protruding portion 32¢
has a cross-section in the axially orthogonal direction with a
triangular shape, and a cog portion 324 is formed to extend
along the axial direction at a radially outer end portion
thereof.

Circumferential end surfaces 32e, 32fof each second hook-
shaped magnetic pole 325 are flat surfaces that extend in the
radial direction, and the second hook-shaped magnetic pole
32b has a cross-section in the axially orthogonal direction
with a triangular shape. An angle in the circumferential direc-
tion of each second hook-shaped magnetic pole 325, that is,
an angle between the circumferential end surfaces 32e¢, 32fis
set to be smaller than an angle of a gap between the second
hook-shaped magnetic poles 326 that are adjacent in the
circumferential direction.

Further, the second rotor core 32 is assembled onto the first
rotor core 31 such that the cog portions 32d of the second
hook-shaped magnetic poles 3254 are arranged respectively
between the cog portions 31d of the corresponding first hook-
shaped magnetic poles 315, and such that the ring magnet 33
(see FIG. 6) is arranged (sandwiched) in the axial direction
between the first core base 314 and the second core base 32a.
At this occasion, since the circumferential end surface 31e on
one side of each first hook-shaped pole 315 is formed so as to
be parallel in the axial direction with the circumferential end
surface 32fon the other side of each second hook-shaped pole
32b, the gap between the respective end surfaces 31e, 32f'is
formed to be substantially linear in the axial direction. Fur-
ther, since the circumferential end surface 31f on the other
side of each first hook-shaped pole 315 is formed so as to be
parallel in the axial direction with the circumferential end
surface 32e on the one side of each second hook-shaped pole
32b, the gap between the respective end surfaces 31f, 32¢ is
formed to be substantially linear in the axial direction.

As shown in FIG. 6, the ring magnet 33 has an outer
diameter set to be same as an outer diameter of each of the first
and second core bases 31a, 324, and is magnetized in the axial
direction so as to cause the first hook-shaped poles 315 to
function as first poles (N poles in the embodiment) and the
second hook-shaped poles 324 to function as second poles (S
poles in the embodiment). Accordingly, the rotor 11 of the
second embodiment is a rotor with a so-called Randell type
structure that uses the ring magnet 33 as the field magnet. The
rotor 11 includes the first hook-shaped poles 315 that are the
N poles and the second hook-shaped poles 324 that are the S
poles alternately in the circumferential direction, and the
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number of the magnetic poles is fourteen (seven pole pairs).
Notably, as the ring magnet 33, a neodymium magnet may for
example be used.

As shown in FIG. 5 to FIG. 7, the connecting magnet 34 is
configured of first and second interpolar magnet portions 34a,
345 as the interpolar magnet portions arranged between the
first hook-shaped poles 315 and the second hook-shaped
poles 324 in the circumferential direction, and connecting
portions 34¢ that connect axially end portions of these inter-
polar magnet portions 34a, 345.

As shown in FIG. 5, each first interpolar magnet portion
344 is fixed to fit between the circumferential end surface 31e
on the one side of the first hook-shaped pole 316 and the
circumferential end surface 32f of the second hook-shaped
pole 3256 on the other side. Each second interpolar magnet
portion 3454 is fixed to fit between the circumferential end
surface 31f'on the other side of the first hook-shaped pole 314
and the circumferential end surface 32e of the second hook-
shaped pole 325 on the one side.

The first and second interpolar magnet portions 34a, 345
are magnetized in the circumferential direction such that parts
thereof that face the first and second hook-shaped poles 315,
32b have the same polarities thereto (the part on the first
hook-shaped pole 315 side has an N pole and the part on the
second hook-shaped pole 325 has an S pole).

As shown in FIG. 5 and FIG. 6, each connecting portion
34c is configured to have a plate shape configured to make
contact with an axially end portion 31g of the first hook-
shaped pole 315 (one end side of the rotor 11) and an axially
end portion 32g of the second hook-shaped pole 324 (the
other end side of the rotor 11). Further, the connecting por-
tions 34¢ are formed integrally in advance with the first and
second interpolar magnet portions 34a, 345 (ata stage prior to
assembly) so as to connect the first and second interpolar
magnet portions 34a, 345 in a manner of sandwiching the first
and second hook-shaped poles 315, 325 in the circumferential
direction. At this occasion, since the connecting portions 34¢
are arranged alternately on the one end side and the other end
side of the rotor 11 every void between hook-shaped poles
31b, 326 as described above, a zigzag shape is formed by the
interpolar magnet portions 34a, 34b and the connecting por-
tions 34¢ along the respective hook-shaped poles 315, 325.

Further, as shown in FIG. 6, each connecting portion 34c¢ is
arranged with no gap between a radially inner surface 34d and
outer circumferential surfaces 31/, 32/ of the core bases 31a,
32a, that is, to make contact therewith. At this occasion, the
first and second interpolar magnet portions 34a, 345 have
inner surfaces with the substantially same radial length as the
connecting portions 34¢, and are similarly arranged with no
gap between the inner surfaces thereof and the outer circum-
ferential surfaces 31/, 32/ of the core bases 31a, 324, that is,
in contact therewith.

In a motor 1 configured as above described, when a driving
current is supplied to a segment conductor (SC) wire 8 via a
power circuit in a circuit containing box 5, a magnetic field for
rotating the rotor 11 is generated in a stator 6, and the rotor 11
is rotatably driven.

Next, operation of the motor 1 will be described.

In the rotor 11, magnetic flux leakage between the hook-
shaped poles 315, 325 is reduced by arranging, between the
first and second hook-shaped poles 315, 325 in the circum-
ferential direction, the interpolar magnet portions 34a, 345
that are magnetized to have the same polarity with the firstand
second hook-shaped poles 315, 325 at parts facing therewith.

Here, in the above described motor 1 (rotor 11), for
example, all of the interpolar magnet portions 34a, 34b
arranged between the first and second hook-shaped poles 315,
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32b in the circumferential direction are formed integrally in
advance in a manner of being connected by the connecting
portions 34¢. Due to this, the number of components can be
suppressed compared to a case of arranging the respective
interpolar magnet portions 34a, 34 as separate components
between the first and second hook-shaped poles 315, 326 in
the circumferential direction.

Next, advantages that are characteristic to the second
embodiment will be described below.

(4) The interpolar magnet portions 34a, 345 that are mag-
netized to have the same polarities with the respective hook-
shaped poles 315, 325 at the parts facing therewith are pro-
vided, at least a pair of which is arranged between the
corresponding first and second hook-shaped poles 315,325 in
the circumferential direction in a manner of sandwiching at
least one (all in the embodiment) of the hook-shaped poles
314, 325 in the circumferential direction. Among the plurality
of interpolar magnet portions 34a, 345, the first and second
interpolar magnet portions 34a, 345 that are arranged in a
manner of sandwiching the corresponding hook-shaped poles
31b, 326 are formed integrally in advance. By thus arranging
the first and second interpolar magnet portions 34a, 34b, the
magnetic flux leakage that may be generated between the
respective hook-shaped poles 315, 325 can be reduced, and
thereby a motor output can be improved. Further, an increase
in the number of components can be suppressed by integrally
forming the first and second interpolar magnet portions 34a,
34b that are arranged in the manner of sandwiching the cor-
responding hook-shaped poles 315, 325, in advance among
the plurality of first and second interpolar magnet portions
34a, 34b.

(5) Since the first and second interpolar magnet portions
34a,34b are arranged in every void between the hook-shaped
poles 315, 325, the magnetic flux leakage from each of the
hook-shaped poles 315, 325 can further be suppressed, and
the output of the motor 1 can be made higher.

(6) Since all of the first and second interpolar magnet
portions 34a, 345 are formed integrally, all of the interpolar
magnet portions 34a, 34b are formed as one component, by
which the number of components can be suppressed.

(7) As described above, since the connecting portions 34¢
are arranged alternately on the one end side and the other end
side of the rotor 11 in every void between hook-shaped poles
314, 325, the zigzag shape formed by the interpolar magnet
portions 34a, 34b and the connecting portions 34¢ along the
respective hook-shaped poles 315, 325, and the interpolar
magnet portions can more surely be retained by the first and
second rotor cores 31, 32.

(8) Since a rotation shaft 12 is a metal shaft made of a
non-magnetic body, magnetic resistance can be made higher
compared to a magnetic body, and the magnetic flux leakage
that may be generated between the first and second hook-
shaped poles 315, 32b can be suppressed. As a result, the
output of the motor 1 can be made higher.

The first and second embodiments of the present invention
may be changed as follows.

Although in the first embodiment, the axial length of the
first and second interpolar magnet portions 26a, 27a,26b,275
is set to be half the axial length of the first and second hook-
shaped poles 215, 225 (so as to have the same axial length as
the first and second hook-shaped poles 215, 225 in a manner
of being aligned in the axial direction), the present invention
is not limited hereto, and may for example be changed as
shown in FIG. 8 and FIG. 9.

That is, in this example (FIG. 8 and FIG. 9), a first inte-
grated auxiliary magnet 26 is configured by a first axially
covering magnet portion 26¢ and first interpolar magnet por-
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tions 41 being formed integrally, and a second integrated
auxiliary magnet 27 is configured by a second axially cover-
ing magnet portion 27¢ and second interpolar magnet por-
tions 42 being integrated. Each first interpolar magnet portion
41 has a shape obtained by combining the first interpolar
magnet portions 26a, 27a of the first embodiment, and an
axial length thereof is set to be same as an axial length of each
of first and second hook-shaped poles 215, 22b. Further, each
second interpolar magnet portion 42 has a shape obtained by
combining the second interpolar magnet portions 265, 275 of
the first embodiment, and an axial length thereof is set to be
same as the axial length of each of the first and second hook-
shaped poles 215, 22b. By the configuration as above
described, similar advantages as of the first embodiment can
also be achieved.

Although in the first embodiment, each of the first and
second axially covering magnet portions 26¢, 27¢ is formed
in a simple disk shape (shape configured to cover the end
surfaces of the first and second back auxiliary magnets 24, in
the axial direction), they may be formed in shapes that do not
overlap with back auxiliary magnets (first and second back
auxiliary magnets 24, 25) in the axial direction.

For example, changes may be made as shown in FIG. 10 to
FIG. 12. In this example (see FIG. 10 to FIG. 12), notch
portions 43 are formed in the first and second axially covering
magnet portions 26c¢, 27¢ at parts to overlap with the first and
second back auxiliary magnets 24, 25 of the first embodiment
in the axial direction (see FIG. 1 to FIG. 4).

Further, for example, changes may be made as shown in
FIG. 13 and FIG. 14. In this example (see FIG. 13 and FIG.
14), notch portions 44 are formed in the first and second
axially covering magnet portions 26¢, 27¢ at positions to
overlap with the first and second back auxiliary magnets 24,
in the axial direction in the further example as above
described (see FIG. 8 and FIG. 9). Notably, each notch por-
tion 44 in the first axially covering magnet portion 26c¢ in this
example (see FIG. 13 and FIG. 14) is formed by additionally
notching the first axially covering magnet portion 26¢ to a
part corresponding to the second interpolar magnet portion
42, and an axial length of each second interpolar magnet
portion 42 is set correspondingly longer (to a length obtained
by adding the axial length of the first and second hook-shaped
poles 215, 225 and a thickness of the first axially covering
magnet portion 26¢). Further, each notch portion 44 in the
second axially covering magnet portion 27¢ in this example
(see FIG. 13 and FIG. 14) is formed by notching the second
axially covering magnet portion 27¢ to a part corresponding
to the first interpolar magnet portion 41, and an axial length of
each first interpolar magnet portion 41 is set correspondingly
longer (to a length obtained by adding the axial length of the
first and second hook-shaped poles 215, 225 and a thickness
of the second axially covering magnet portion 27¢).

With such a configuration (see FIG. 10 to FIG. 14), similar
advantages as of the first embodiment can also be achieved. In
addition, since the covering magnet portions (the first and
second axially covering magnet portions 26¢, 27¢) are formed
in shapes that do not overlap with the back auxiliary magnets
(the first and second back auxiliary magnets 24, 25) in the
axial direction (include the notch portions 43, 44), magnetic
flux leakage can be reduced effectively (without unnecessar-
ily increasing the number of magnets to be used).

Although in the first embodiment, the rotor 11 including
one each of'the first and second rotor cores 21, 22 is provided,
the present invention is not limited hereto. For example, as
shown in FIG. 15 and FIG. 16, a rotor 51 may include a pair
each of first and second rotor cores 21, 22. More specifically,
in this example (FIG. 15 and FIG. 16) a pair of intermediate
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members W, each of which is configured by the first and
second rotor cores 21, 22, the ring magnet 23 (see FIG. 4), and
the first and second back auxiliary magnets 24, 25 of the first
embodiment, is provided, and the pair of intermediate mem-
bers W is layered symmetrically in an axial direction. Further,
an axial length of each of the first and second interpolar
magnet portions 41, 42 of the further example (see FIG. 13
and FIG. 14) is set correspondingly longer. With such a con-
figuration, similar advantages as of the first embodiment and
the further example can also be achieved.

Although in the first embodiment, the axially covering
magnet portions (first and second axially covering magnet
portions 26¢, 27¢) are configured to be provided on both end
surfaces of the rotor 11 in the axial direction, the present
invention is not limited hereto, and the axially covering mag-
net portions may be configured to be provided on only one
end surface in the axial direction. In this case, the number of
the integrated auxiliary magnet provided in the rotor may be
one.

For example, changes may be made as shown in FIG. 17
and FIG. 18. In this example (see FI1G. 17 and FIG. 18), only
a first integrated auxiliary magnet 26 is provided, and a sec-
ond integrated auxiliary magnet 27 is not provided. The first
integrated auxiliary magnet 26 is configured by a first axially
covering magnet portion 26¢ and first and second interpolar
magnet portions 45, 46 being formed integrally. Each first
interpolar magnet portion 45 has a shape obtained by com-
bining the first interpolar magnet portions 264, 27a of the first
embodiment, and an axial length thereof is set to be same as
an axial length of each of first and second hook-shaped poles
21b, 22b. Further, each second interpolar magnet portion 46
has a shape obtained by combining the second interpolar
magnet portions 265, 276 of the first embodiment, and an
axial length thereof is set to be same as the axial length of each
of the first and second hook-shaped poles 215, 2264.

Although in the first embodiment, the integrated auxiliary
magnets (first and second integrated auxiliary magnets 26,
27) are provided in a pair with the same shape, the present
invention is not limited hereto, and these two members may
be made with different shapes.

Although in the first embodiment, the rotor 11 includes the
back auxiliary magnets (first and second back auxiliary mag-
nets 24, 25), the present invention is not limited hereto, and it
may not include the back auxiliary magnets.

Although in the second embodiment, the first and second
interpolar magnet portions 34a, 345 are arranged along the
axial direction, for example, as shown in FIG. 19, first and
second interpolar magnet portions 34a, 345 may be arranged
to intersect with the axial direction from a radial directional
view (side view). In FIG. 19, each of first and second hook-
shaped poles 315, 325 is formed with narrower width in a
circumferential direction toward a distal side of the corre-
sponding hook-shaped pole 31d, 32d as an extended portion
that is extended in the axial direction. Further, each of the first
and second interpolar magnet portions 34a, 345 is configured
to extend along the corresponding hook-shaped pole 314 or
32d as the extended portion, by being inclined toward a side
of each of the hook-shaped poles that is sandwiched in the
circumferential direction by the magnet portions that sand-
wich the hook-shaped poles in the circumferential direction.
Here, since the interpolar magnet portions 34a, 345 that sand-
wich the hook-shaped poles 315, 326 in the circumferential
direction are formed to extend along the extended portions
when assembling the first and second hook-shaped poles 315,
326 of the respective rotor cores 31, 32 to be arranged alter-
nately in the circumferential direction, by being inclined
toward the sides of the hook-shaped poles 315, 325, the
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assembly upon sandwiching the ring magnet 33 can be made
easier by moving the hook-shaped poles 315, 326 closer
thereto in the axial direction.

Although in the second embodiment, the inner surfaces
34d of the connecting portions 34¢ are configured to make
contact with the outer circumferential surfaces 31/, 32/ of the
first and second core bases 31a, 32a, the present invention is
not limited hereto, and for example, as shown in FIG. 20, a
configuration in which a gap K is provided between the
respective inner surfaces 344 and each of the outer circum-
ferential surfaces 314, 324. For example, the gaps K may be
provided by forming a concave shape on an inside in a radial
direction of each outer circumferential surface 31/ of the first
core base 31a (see FIG. 20), and forming a concave shape on
an inside in the radial direction of each outer circumferential
surface 32/ of the second core base 32a (not shown in FIG.
20). By thus providing the gaps K, magnetic flux is prevented
from leaking in toward the inside of the rotor 11 in the radial
direction.

In the first embodiment, two or more first and second
interpolar magnet portions 26a, 265 are formed integrally on
axial end sides thereof by the first axially covering magnet
portion 26¢, and two or more first and second interpolar
magnet portions 27a, 27b are formed integrally on axial end
sides thereof by the second axially covering magnet portion
27¢. However, the present invention is not limited hereto, and
the first and second interpolar magnet portions 26a, 274, 265,
27h may be formed integrally at predetermined positions (for
example, intermediate part of the magnet portions in the axial
direction) other than the axial end sides. Further, although in
the second embodiment, two or more first and second inter-
polar magnet portions 34a, 345 are formed integrally on an
axial end sides thereof by the connecting portions 34c, the
present invention is not limited hereto, and first and second
interpolar magnet portions 34a, 345 may be formed integrally
at predetermined positions (for example, intermediate part in
of'the magnet portions the axial direction) other than the axial
end sides.

In the first and second embodiments, a single ring magnet
33 is used as the field magnet, a configuration in which a
permanent magnet that is divided into a plurality of pieces
may be arranged around a rotation shaft 12 in between the first
and second core bases 31a, 32a in the axial direction.

Although not specifically mentioned in the first and second
embodiments, the first and second rotor cores 31, 32 and
armature cores 7 may be configured for example by stacking
magnetic metal plate materials or forming magnetic powder
materials.

In the first and second embodiments, for example, the first
and second interpolar magnet portions 26a, 27a, 265, 275,
34a, 34b may be formed integrally by performing two-color
molding. In this case, an increase in the number of compo-
nents can be suppressed.

In the first embodiment, the number of poles of the rotor 11
is ten, and in the second embodiment, the number of the poles
of'the rotor 11 is fourteen. However, the number of the poles
can suitably be changed.

Although types of the integrated auxiliary magnets are not
specifically mentioned in the first and second embodiments,
for example, bonded magnets (plastic magnets, rubber mag-
nets, and the like), sintered magnets, or a combination thereof
may be used. For example, in the first embodiment, the sin-
tered magnets may be used for the interpolar magnet portions
(the first and second interpolar magnet portions 26a, 274,
26b,27b, 34a, 34b), and the bonded magnets may be used for
the axially covering magnet portions (the first and second
axially covering magnet portions 26¢, 27¢). Further, as for a
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composition (material) of the integrated auxiliary magnets,
for example, ferrite systems, SmFeN systems, nitriding iron
systems, or Neodymium systems, or a combination thereof
may suitably be employed. According to this, an output
adjustment of the motor can be performed.

Third Embodiment

A third embodiment of the present invention will be
described below in accordance with the drawings.

As shown in FIG. 21 and FIG. 22, a rotor 111 includes a
first and second rotor cores 121, 122, a ring magnet 123 (see
FIG. 23) and an auxiliary magnet 124. Notably, arrows shown
with solid lines in FIG. 22 and FIG. 23 indicate magnetized
directions (oriented from S pole toward N pole) of the respec-
tive magnets 123, 124.

The first and second rotor cores 121, 122 and the ring
magnet 123 of the third embodiment are shown in FIG. 21 and
FIG. 22. Descriptions for configurations similar to the first
and second rotor cores 21, 22 and the ring magnet 23 of the
first embodiment will be omitted.

The rotor 111 of the third embodiment is a rotor with a
so-called Randell type structure that uses the ring magnet 123
as a field magnet. The rotor 111 includes first hook-shaped
poles 12154 that are the N poles and second hook-shaped poles
122b that are the S poles alternately in a circumferential
direction, and a number of poles is ten (five pole pairs). Here,
since the number of pole pairs is an odd number of three or
more, a shape that is stable against magnetic vibration can be
provided by the configuration of hook-shaped poles with
same polarity not facing one another in the circumferential
direction by 180 degrees when seen with respect to rotor core
by itself.

As shown in FIG. 23, the auxiliary magnet 124 includes a
plurality of circumferentially divided portions 125,126 that is
divided in the circumferential direction, and is configured by
consecutively and adjacently arranging these circumferen-
tially divided portions 125, 126. The circumferentially
divided portions 125, 126 include the first circumferentially
divided portions 125 to be attached to the first hook-shaped
poles 12154 and the second circumferentially divided portion
126 to be attached to the second hook-shaped poles 1225.

Each first circumferentially divided portion 125 to be
attached to the respective first hook-shaped poles 1215 is
formed to have a C-shape in an axial directional view as
shown in FIG. 23, and includes a first back magnet portion
125a and first interpolar magnet portions 1255.

As shown in FIG. 21 to FIG. 23, each first back magnet
portion 125a is arranged between a back surface 121e of the
first hook-shaped pole 12156 (an inner surface in a radial
direction) and an outer circumferential surface 122f of the
second core base 122a. Each first back magnet portion 1254
has a cross-section in an axially orthogonal direction with a
triangular shape, and is magnetized so as to cause a side in
contact with the back surface 121e of the first hook-shaped
pole 1215 to be the N pole similar to the first hook-shaped
pole 1215, and a side in contact with the outer circumferential
surface 1221 of the second core base 1224 to be the S pole
similar to the second core base 122a. Further, the first back
magnet portions 125¢ may be configured for example of
ferrite magnets.

As shown in FIG. 21 and FIG. 23, the first interpolar
magnet portions 1255 are formed integrally with the corre-
sponding first back magnet portion 1254 so as to extend
outward in the radial direction from both sides in the circum-
ferential direction of the first back magnet portion 1254, and
so as to be positioned on both sides in the circumferential
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direction ofthe firsthook-shaped poles 1215. Further, the first
interpolar magnet portions 1255 on both sides in the circum-
ferential direction of each first hook-shaped pole 1215 are
configured to have halfa circumferential thickness (length) of
a gap between the first hook-shaped pole 1215 and the second
hook-shaped pole 1225 in the circumferential direction.

Each second circumferentially divided portion 126 to be
attached to the respective second hook-shaped poles 1225 is
formed to have a C-shape in the axial directional view, as
shown in FIG. 23, similar to the first circumferentially
divided portions 125 on a first hook-shaped pole 1215 side,
and includes a second back magnet portion 1264 and second
interpolar magnet portions 1265.

As shown in FIG. 21 to FIG. 23, each second back magnet
portion 126a is arranged between a back surface 122¢ of the
second hook-shaped pole 1225 (an inner surface in the radial
direction) and an outer circumferential surface 121f of the
first core base 121a. Each second back magnet portion 1264
has a cross-section in the axially orthogonal direction with a
triangular shape, and is magnetized so as to cause a side in
contact with the back surface 122¢ of the second hook-shaped
pole 1225 to be the S pole, and a side in contact with the outer
circumferential surface 121f of the first core base 121a to be
the N pole. Further, the second back magnet portions 126a
may be configured of ferrite magnets, for example, similar to
the first back magnet portions 125a.

Here, lengths ofthe first back magnet portions 125a and the
second back magnet portions 126« in the axial direction are
set such that they overlap one another in the axial direction at
a position in the axial direction of the rotor 111 in which the
ring magnet 123 is to be arranged; in other words, such that
they extend from both surfaces of the rotor 111 to the position
in the axial direction where the ring magnet 123 is arranged.

The second back magnet portions 1264 have substantially
same shape as the first interpolar magnet portions 1255, and
are formed integrally with the corresponding second back
magnet portion 126a so as to extend outward in the radial
direction from both sides in the circumferential direction of
the second back magnet portion 1264, and so as to be posi-
tioned on both sides in the circumferential direction of the
second hook-shaped poles 1225. Further, the second interpo-
lar magnet portions 1265 on both sides in the circumferential
direction of each second hook-shaped pole 1225 are config-
ured to have half the circumferential thickness (length) of the
gap between the first hook-shaped pole 1215 and the second
hook-shaped pole 12254 in the circumferential direction. That
is, each interpolar magnet between the first hook-shaped
poles 1215 and the second hook-shaped poles 1225 is formed
by combining both the first interpolar magnet portion 12556 of
the first circumferentially divided portion 125 and the second
interpolar magnet portion 1265 of the second circumferen-
tially divided portion 126. Further, as shown in FIG. 22, the
respective interpolar magnet portions 1255, 1265 of the
respective circumferentially divided portions 125, 126 are
arranged to be annular, by making contact with each other in
the circumferential direction at a substantially center position
in the circumferential direction between the first hook-shaped
poles 1215 and the second hook-shaped poles 1225.

A motor 101 is configured as above described, and when a
three-phase driving current is supplied to a segment conduc-
tor (SC) wire 108 via a power circuit in a circuit containing
box 105, a magnetic field for rotating the rotor 111 is gener-
ated in a stator 106, and the rotor 111 is rotatably driven.

Next, the operation of the motor 101 will be described.

The rotor 111 of the motor 101 of the embodiment includes
the auxiliary magnet 124 including the circumferentially
divided portions 125, 126 that are configured by the interpolar
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magnet portions 1255, 1265 arranged between the respective
hook-shaped poles 1215, 1225 in the circumferential direc-
tion, and the back magnet portions 1254, 1264 arranged at the
back surfaces of the first and second hook-shaped poles 1215,
1224, the interpolar magnet portions 1255, 1265 and the back
magnet portions 1254, 1264 being formed integrally. Accord-
ingly, by configuring the auxiliary magnet 124 by the inter-
polar magnet portions 1255, 1265 and the back magnet por-
tions 125a, 126a, magnetic flux leakage from the gaps is
suppressed, and contribution to high output of the rotor is
thereby achieved. Further, since the circumferentially divided
portions 125, 126 of the auxiliary magnet 124 are configured
by the respective interpolar magnet portions 1254, 1265 and
the back magnet portions 1254, 126a formed integrally, the
number of components can be suppressed.

Next, the advantages that are characteristic to the third
embodiment will be described below.

(9) The rotor 111 of the third embodiment includes the
auxiliary magnet 124. The auxiliary magnet 124 is configured
by formed integrally the interpolar magnet portions 1255,
1266 arranged between the first hook-shaped poles 1215 and
the second hook-shaped poles 1225 in the circumferential
direction, and the back magnet portions 1254, 1264 arranged
at the back surfaces of the first and second hook-shaped poles
121b, 12254, and contacts the respective hook-shaped poles
1215, 12256 in the radial direction and in the circumferential
direction. Accordingly, the magnetic flux leakage can be sup-
pressed with a reduced number of components by providing
the auxiliary magnet 124 formed by integrating the interpolar
magnet portions 1255, 1265 and the back magnet portions
125a, 126a.

(10) The auxiliary magnet 124 has a magnetized direction
in the same direction as the respective hook-shaped poles
1214, 1225 that function as first and second poles due to the
ring magnet 123 as the field magnet. Due to this, magnetic
flux at outer surfaces of the hook-shaped poles 12156, 1225
can be increased.

(11) The auxiliary magnet 124 is configured by arranging
the plurality of circumferentially divided portions 125, 126,
which is divided in the circumferential direction, consecu-
tively and adjacently in the circumferential direction, and
each of the circumferentially divided portions 125, 126
respectively includes the back magnet portions 125a, 1264
and the interpolar magnet portions 12556, 1265. Accordingly,
the interpolar magnet portions 1256, 1265 can be prevented
from getting out of place by centrifugal force upon the rota-
tion of the rotor by integrating with the back magnet portions
125a,126a being integrated. Further, since the auxiliary mag-
net 124 is formed by arranging the circumferentially divided
portions 125, 126, which are divided in advance in the cir-
cumferential direction, to be annular and adjacent to one
another, the circumferentially divided portions 125, 126 can
be formed without using a high-precision forming device
compared to a case of a circular ring-shaped auxiliary magnet
124 formed integrally in advance.

(12) In each of the circumferentially divided portions 125,
126, the respective interpolar magnet portions 1255, 1265 are
adjacent to the interpolar magnet portions 1255, 1265 of other
circumferentially divided portions 125, 126. That is, since the
circumferentially divided portions 125, 126 of the auxiliary
magnet 124 are divided between the interpolar magnet por-
tions 12556, 1265, the back magnet portions 1254, 126a of the
circumferentially divided portions 125, 126 can be covered
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by the hook-shaped poles. Due to this, separation of the
interpolar magnet portions 1256, 1265 can be suppressed.

The third embodiment may be changed as follows.

Although in the third embodiment, the circumferentially
divided portions 125, 126 are formed separately, the back
magnet portions and the interpolar magnet portions may be
formed integrally (formed integrally) to be annular. For
example, as shown in FIG. 28, the circumferentially divided
portions 125, 126 that make contact with the respective hook-
shaped poles 1215, 1225 may be configured integrally to be
annular. By the configuration as above described, a number of
components can further be suppressed.

Although not specifically mentioned in the third embodi-
ment, as shown in FIG. 29, the circumferentially divided
portions 125, 126 as auxiliary magnets may be configured by
anisotropic magnets (polar anisotropic magnets), each of
which has magnetic flux oriented in a specific direction. By
the configuration as above described, the strong magnetic flux
toward a specific direction caused by the anisotropic magnets
can be generated at the respective hook-shaped poles. Thus, a
torque in the rotor is effectively ensured.

Fourth Embodiment

Next, the fourth embodiment of the present invention will
be described below in accordance with the drawings. The
fourth embodiment differs in a configuration of an auxiliary
magnet from the third embodiment, which will mainly be
described. Further, same reference signs will be given to same
members as the third embodiment, and a part or an entirety of
description thereof will be omitted.

As shown in FIG. 24, an auxiliary magnet 131 includes a
plurality of circumferentially divided portions 132 that is
divided into a number of pole pairs (five in the embodiment)
at substantially equal angles in a circumferential direction,
and is configured by arranging these circumferentially
divided portions 132 consecutively and adjacently in the cir-
cumferential direction one another. Further, the auxiliary
magnet 131 may be formed by a sintered magnet or a bonded
magnet, and a SmFeN magnet, a ferrite magnet, or a neody-
mium magnet may be employed.

As shown in FIG. 25, each circumferentially divided por-
tion 132 includes two interpolar magnet portions 132a, two
side back magnet portions 1325 that are positioned on outer
sides than the interpolar magnet portions 132a in the circum-
ferential direction, and a central back magnet portion 132¢
that is positioned between the interpolar magnet portions
132a.

The interpolar magnet portions 1324 are positioned
between the first hook-shaped poles 1215 and the second
hook-shaped poles 1224 in the circumferential direction,
each of which has a configuration in which the first interpolar
magnet portion 1255 and the second interpolar magnet por-
tion 1265 of the third embodiment, which make contact with
each other in the circumferential direction, are formed inte-
grally. That is, each interpolar magnet portion 132 is con-
figured to have a same circumferential thickness (length) as a
gap between the first hook-shaped pole 1215 and the second
hook-shaped pole 1225 in the circumferential direction.

The central back magnet portion 132¢ corresponds to the
second back magnet portion 126« in the third embodiment,
and is arranged between a back surface 122¢ of the second
hook-shaped pole 1225 and an outer circumferential surface
121fofafirstcore base 121a. The central back magnet portion
132¢ has a cross-section in an axially orthogonal direction
with a triangular shape.
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As shown in FIG. 24 and FIG. 25, the two side back magnet
portions 1325 correspond to the first back magnet portions
125a in the third embodiment, each of which is arranged
between a back surface 121e of the first hook-shaped pole
12154 and an outer circumferential surface 122fof the second
core base 122a. Further, each of the two side back magnet
portions 1325 of the circumferentially dividing portions 132
is configured to have half a circumferential thickness (length)
of'a circumferential width of the first hook-shaped pole 1215
or the second hook-shaped pole 1225. Notably, a combination
of the two side back magnet portions 1325 that contact with
one another in the circumferential direction corresponds to
the first back magnet portion 1254 of the third embodiment.
Further, as shown in FIG. 24, the two side back magnet
portions 3256 of the circumferentially divided portions 132
contact with one another in the circumferential direction at a
substantially center position of a back surface of the first
hook-shaped pole 1215. The plurality of circumferentially
divided portions 132 is arranged to be annular.

Next, the operation of the fourth embodiment will be
described.

The auxiliary magnet 131 of the fourth embodiment has the
circumferentially divided portions 132 divided into the num-
ber of pole pairs at equal angles in the circumferential direc-
tion. Due to this, each circumferentially divided portion 132
make contact with the hook-shaped pole of the first rotor core
or the hook-shaped pole of the second rotor core in the radial
direction, and is retained by the corresponding hook-shaped
pole 215, 225.

Further, in a pair of the adjacent circumferentially divided
portions 132, two side back magnet portions 1325 are adja-
cent (make contact) with each other in the circumferential
direction. Due to this, compared to a case in which the two
adjacent side back magnet portions 13256 are formed inte-
grally, a small gap may be generated between the two adjacent
side back magnet portions 1325. However, the two side back
magnet portions 1325 are magnetized in the radial direction
as awhole, so the gap is prevented from becoming a magnetic
resistance.

Next, advantages that are characteristic to the fourth
embodiment will be described below.

(13) Each circumferentially divided portion 132 is inevita-
bly retained by the hook-shaped pole 1215 of the first rotor
core 121 or the hook-shaped pole 1225 of the second rotor
core 122 by the circumferentially divided portions 132 being
divided into the number of pole pairs at the equal angles in the
circumferential direction, whereby the circumferentially
divided portions 132 (auxiliary magnet 131) are prevented
from getting out from the rotor cores 121, 122 upon rotation
of the rotor.

(14) In each circumferentially divided portion 132, the two
side back magnet portions 1325 respectively are adjacent to
the two side back magnet portions 1325 of other circumfer-
entially divided portions 132. Thus, the dividing positions
between the adjacent circumferentially divided portions 132
correspond to the back surfaces of the hook-shaped poles
121b,1225. Since the two side back magnet portions 1325 are
magnetized in the radial direction as a whole, the dividing
positions between the adjacent circumferentially divided por-
tions 132 can be prevented from becoming the magnetic
resistances. Due to this, contribution to higher output of the
motor can be made.

The fourth embodiment may be changed as follows.

Although not specifically mentioned in the fourth embodi-
ment, as shown in FIG. 26 and FIG. 27 for example, a ring
magnet 123 as a field magnet may be integrated in a radial
direction with circumferentially divided portions 132 (auxil-
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iary magnet 135). In the case of integrating with the respec-
tive circumferentially divided portions 132, sectorial-shaped
magnets 1234 into which the ring magnet 123 is divided in a
circumferential direction may be integrated with the circum-
ferentially divided portions 132, and may be arranged to be
annular in the circumferential direction. With the configura-
tion as above described, the auxiliary magnet 135 is inte-
grated with the ring magnet 123 in the radial direction. Thus,
the number of components can further be suppressed. Further,
getting out of the interpolar magnet portions 132a upon rotat-
ing the rotor can more surely be prevented.

Fifth Embodiment

Next, the fifth embodiment of the present invention will be
described below in accordance with the drawings. The fifth
embodiment differs in a configuration of an auxiliary magnet
from the third embodiment, which will mainly be described.
Further, same reference signs will be given to same members
as the third embodiment or the fourth embodiment, and a part
or an entirety of description thereof will be omitted.

As shown in FIG. 30, an auxiliary magnet 141 is formed
integrally to be annular, and includes an anisotropic magnet
portion 142 and different property portions 143 that have a
different magnetic property from that of the anisotropic mag-
net portion 142.

The anisotropic magnet portion 142 is configured of a polar
anisotropic magnet having a polar anisotropic orientation.
The anisotropic magnet portion 142 is annular and includes
back magnet portions 142a and interpolar magnet portions
1425.

As shown in FIG. 30, each back magnet portion 142a has a
slit portion 42¢ that is positioned at a substantially center in a
circumferential direction and forms a concave shape inwardly
in a radial direction. Each slit portion 142¢ of the fifth
embodiment is formed at a polar center (circumferential cen-
ter of the pole) of the anisotropic magnet portion 142. Further,
each slit portion 142¢ is formed to have a radial length that is
half or more of a radial length of each back magnet portion
142a.

As shown in FIG. 30, in the slit portions 142¢ the different
property portions 143 are arranged. The different property
portions 143 have the different magnetic property from that of
the anisotropic magnet portion 142, and thereby a different
coefficient of contraction from that of the anisotropic magnet
portion 142. As the different property portions 143, in the fifth
embodiment, for example, isotropic magnets may be
employed.

Next, the operation of the fifth embodiment will be
described.

In addition to the substantially annular anisotropic magnet
portion 142, the auxiliary magnet 141 ofthe fifth embodiment
includes the different property portions 143 having the dif-
ferent magnetic property (coefficient of contraction) from
that of the anisotropic magnet portion 142. Here, in the aniso-
tropic magnet portion 142, the coefficient of contraction dif-
fers upon sintering and firing between a part having a crystal
orientation that is prone to magnetization (easily magnetized
axial direction) and a part having a crystal orientation that is
less prone to the magnetization (hardly magnetized axial
direction). Due to this, by using the anisotropic magnet por-
tion at a part of the annular auxiliary magnet, internal stress
may be accumulated, and the auxiliary magnet might break.
Thus, with the different property portions 143 having the
different coefficient of contraction as aforementioned, it is
possible to absorb the difference in the coefficients of con-
traction between the part having the easily magnetized axial
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direction and the part having the hardly magnetized direction
of the anisotropic magnet portion 142.

Next, advantages that are characteristic to the fifth embodi-
ment will be described below.

(15) The auxiliary magnet 141 is formed integrally to be
annular, and includes the anisotropic magnet portion 142 and
the different property portions that have the different mag-
netic property from that of the anisotropic magnet portion.
Here, the coefficient of contraction differs upon sintering and
firing between the part having the crystal orientation that is
prone to the magnetization (easily magnetized axial direc-
tion) and the part having the crystal orientation that is less
prone to the magnetization (hardly magnetized axial direc-
tion) in the anisotropic magnet portion 142. Due to this, by
using the anisotropic magnet portion 142 at a part of the
annular auxiliary magnet 141, internal stress may be accumu-
lated and the auxiliary magnet 141 might break. Due to this,
by providing the auxiliary magnet 141 with the different
property portions 143 having the different magnetic property
from that of the anisotropic magnet portion 142, the concen-
tration of the internal stress can be reduced by using the
difference in the coefficient of contraction between the dif-
ferent property portions 143 and the anisotropic magnet por-
tion 142, and the breakage of the auxiliary magnet 141 can be
prevented.

(16) By employing the isotropic magnets as the different
property portions 143 of the auxiliary magnet 141, the inter-
nal stress of the auxiliary magnet 141 is alleviated to prevent
the occurrence of the breakage, and magnetic force (magnetic
flux concentration) to be generated can be increased com-
pared to a case of providing gaps instead of the different
property portions 143.

(17) Since the different property portions 143 of the aux-
iliary magnet 141 are provided at an inner side of the auxiliary
magnet 141 in the radial direction, not providing gaps on the
outer side in the radial direction instead of the different prop-
erty portions 143, change in the shape on an outer side in the
radial direction can be prevented.

(18) Since the anisotropic magnet portion 142 is config-
ured of the polar anisotropic magnet, a maximum magnetic
flux concentration can be made high compared to a radially
oriented anisotropic magnet.

The fifth embodiment may be changed as follows.

In the fifth embodiment, the radial length of the slit por-
tions 142¢ is set to be half or more of the radial length of the
back magnet portions 142a, and the radial length of the dif-
ferent property portions 143 is set to be same as the slit
portions 142¢. However, the present invention is not limited
hereto. For example, as shown in FIG. 31, radial lengths of slit
portions 142¢ and different property portions 143 may be set
to be half or less of a radial length of back magnet portions
142a.

Inthe fifth embodiment, the different property portions 143
are provided at the circumferential center (polar center) of the
back magnet portions 142a. However, a configuration in
which different property portions 143 are provided in inter-
polar magnet portions 1426 as shown in FIG. 32 may be
employed.

Although in the fifth embodiment, the back magnet por-
tions 142a¢ and the interpolar magnet portions 1425 are
formed integrally to configure the anisotropic magnet portion
142, the present invention is not limited hereto. For example,
as shown in FIG. 33, the back magnet portions 142« and the
interpolar magnet portions 1425 may be formed separately.
Further, in this case, the anisotropic magnet portion 142 may
not be a polar anisotropic magnet, and the back magnet por-
tions 1424 may be configured of radially oriented anisotropic
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magnets, and the interpolar magnet portions 1426 may be
configured of isotropic magnets as different property por-
tions. Further, in FIG. 33, gaps 145 as different property
portions are formed on an outer side in a radial direction of
interpolar magnet portions 1425.

Although in the fifth embodiment, the different property
portions 143 are configured by the isotropic magnets, gaps
146 may be employed as the different property portions as
shown in FIGS. 34A, 34B. With such a configuration, the
internal stress of the auxiliary magnet can more surely be
alleviated by the gaps 146, and the occurrence of the breakage
can further be prevented.

Sixth Embodiment

Next, the sixth embodiment of the present invention will be
described below in accordance with the drawings. Notably,
same reference signs will be given to same members as the
third embodiment, and a part or an entirety of description
thereof will be omitted.

As shown in FIG. 35, the auxiliary magnet 151 includes a
plurality of axially divided portions 152 to 154 that is divided
in an axial direction, and is configured by arranging these
axially divided portions 152 to 154 consecutively and adja-
cently in the axial direction. The axially divided portions 152
to 154 are obtained by dividing the auxiliary magnet 151 into
three in the axial direction, and include a central divided
portion 152 at a center in the axial direction, and two side
divided portions 153, 154 on both sides of the central divided
portion 152 in the axial direction.

Respective divided portions 152 to 154 include interpolar
magnet portions 152a, 153a, 1544, and back magnet portions
1525, 153b, 1545.

As shown in FIG. 35, the two side divided portions 153,
154 include circumferentially divided bodies 155 of the same
number as of pole pairs, where in each of the circumferen-
tially divided bodies 155, one back magnet portion 1535,
1545 and interpolar magnet portions 153a, 154a extending
outward in the radial direction from circumferentially both
sides of the corresponding back magnet portion 1535, 154b
are formed integrally.

As shown in FIG. 35, the central divided portion 152 has
interpolar magnet portions 1524 of the same number as of
pole pairs and back magnet portions 1525 formed integrally.
Further, the central divided portion 152 is formed integrally
with a ring magnet 123 as a field magnet in the third embodi-
ment.

Next, the operation of the sixth embodiment will be
described.

The auxiliary magnet 151 of the sixth embodiment is con-
figured by arranging the plurality of axially divided portions
152 to 154 that is divided in the axial direction consecutively
and adjacently in the axial direction. The respective divided
portions 152 to 154 include the interpolar magnet portions
152a, 153a, 1544, and the back magnet portions 1525, 1535,
1545. With such a configuration, generation of gaps and the
like in the circumferential direction is suppressed compared
to a case of dividing the auxiliary magnet 151 in the circum-
ferential direction, and the interpolar magnet portions 152a,
153a, 1544, and the back magnet portions 1525, 1535, 154b
of'the axially divided portions 152 to 154 are prevented from
becoming magnetic resistances.

Next, advantages that are characteristic to the sixth
embodiment will be described below.

(19) The auxiliary magnet 151 is configured by arranging
the plurality of axially divided portions 152 to 154 that is
divided in the axial direction, consecutively and adjacently in
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the axial direction, and the axially divided portions 152 to 154
respectively includes the back magnet portions 15254, 1535,
1545 and the interpolar magnet portions 152a, 153a, 154a4.
By dividing in the axial direction as above described the
interpolar magnet portions 152a, 153a, 1544 and the back
magnet portions 1525, 1535, 1545 are prevented from becom-
ing the magnetic resistances.

(20) The axially divided portions 152 to 154 have the
central divided portion 152 that is the axially divided portion
atthe center in the axial direction, which is integrated with the
ring magnet 123 as a field magnet.

Accordingly, the number of components can be suppressed
by integrating the central divided portion 152 with the ring
magnet 123.

The sixth embodiment may be changed as follows.

Although in the sixth embodiment, the auxiliary magnet
151 is configured by the axially divided portions 152 to 154
obtained by dividing the auxiliary magnet 151 into three in
the axial direction, the present invention is not limited hereto.
For example, as shown in FIG. 36, the auxiliary magnet 151
may be configured by arranging axially divided portions 156,
157 that are divided into two in the axial direction, consecu-
tively and adjacently in the axial direction. Specifically, the
axially divided portions 156, 157 of the auxiliary magnet 151
include interpolar magnet portions 156a, 157a, and back
magnet portions 1565, 1575. The interpolar magnet portions
156a, 157a and the back magnet portions 1565, 1575 of the
axially divided portions 156, 157 are formed integrally to be
annular respectively at their corresponding axially divided
portions 156, 157. With such a configuration, the axially
divided portions 156, 157 come to have an identical shape.
Further, in mold-forming such axially divided portions 156,
157 that are divided into two, mold-shaping of a mold can be
made easy. The axially divided portions 156, 157 can be
formed by one type of mold. Further, a divided body 1235
obtained by dividing the ring magnet 123 of the third embodi-
ment in the axial direction may be formed integrally with each
of the axially divided portions 156, 157. Accordingly, the
number of components can be suppressed by integration of
the axially divided portions 156, 157 with the ring magnet
123.

Further, the third to sixth embodiments may be changed as
follows.

Although in the third to sixth embodiments, a single ring
magnet 123 is used as the field magnet, a configuration in
which permanent magnets that are divided into a plurality of
pieces are arranged around a rotary shaft 112 between the first
and second core bases 1214, 1224 in the axial direction may
be employed.

Although not specifically mentioned in the third to sixth
embodiments, the first and second rotor cores 121,122 and an
armature core 107 may be configured by stacking magnetic
metal plate materials, or molding magnetic powder materials,
for example.

Although a method of winding a wire to each of teeth of a
stator 106 is not specifically mentioned in the third to sixth
embodiments, it may be wound by concentrated winding, or
distributed winding.

Seventh Embodiment

A seventh embodiment of a rotor and a motor in which the
present invention is embodied will be described below with
reference to FIG. 37 to FIG. 40.

As shown in FIG. 37, a motor (armature) 201 includes a
stator 202 that is a fixed side of the motor 201, and a rotor 203
that is a rotary side of'the motor 201 and is provided inside the
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stator 202 to be rotatable relative thereto. Further, when cur-
rent flows in wires wound around an iron core of the stator
202, the rotor 203 rotates relative to the stator 202 by a
magnetic field generated in a magnetic field system (perma-
nent magnet field system) between the stator 202 and the rotor
203.

As shown in FIG. 38, in the Randell-type rotor 203 with the
magnetic field system in the seventh embodiment, for
example a pair of first rotor core 204 and second rotor core
205, and a connecting magnet (permanent magnet) 206 as an
auxiliary magnet sandwiched between the pair of rotor cores
204, 205 are provided. The connecting magnet 206 is a mag-
net for providing N pole/S pole properties to the respective
rotor cores 204, 205. In a case of the seventh embodiment, an
upper side in FIG. 38 is the first rotor core 204, and a lower
side is the second rotor core 205. A non-magnetic rotation
shaft (shaft) 207, which is a rotation shaft of the rotor 203, is
attached to an axial center of the rotor 203. Each of the rotor
cores 204, 205 is press-fixed to fit to the rotation shaft 207.

As shown in FI1G. 38 to FIG. 40, a plurality of hook-shaped
poles 209, 209, . . . is provided along a circumferential direc-
tion at equal intervals to protrude outwardly in a radial pattern
at a circumferential edge of a first core base 208 having a
substantially disk shape in the first rotor core 204. Further,
each hook-shaped pole 209 of the first rotor core 204 has a
shape of being extended out along an axial direction of a
motor, that is, a shape protruding toward the lower side in
FIG. 38 and FIG. 39, and an interval between the adjacent
hook-shaped poles 209, 209 is a notch portion 210. The
second rotor core 205 has a substantially same shape as the
first rotor core 204, and similar to the first rotor core 204, it
includes a second core base 211, hook-shaped poles 212, and
notch portions 213. The first rotor core 204 and the second
rotor core 205 are assembled in an upside-down state with
each other such that the hook-shaped poles 209 (212) on one
side meshes into the notch portions 213 (210) on the other
side. Due to this, the hook-shaped poles 209 of the first rotor
core 204 and the hook-shaped poles 212 of the second rotor
core 205 are arranged alternately in the circumferential direc-
tion of the rotor. Through holes 214, 215 for passing the
rotation shaft 207 are respectively formed at centers of the
respective rotor cores 204, 205.

The hook-shaped poles 209 (212) are formed with a rect-
angular shape as seen from a radial direction of the rotor. The
hook-shaped poles 209 (212) may for example be formed
with a square shape, or a parallelepiped shape. Further, a gap
between a core base 208 and each hook-shaped pole 209
(212) is formed to have a cross-section with a rectangular
shape. Further, the adjacent hook-shaped poles 209, 212 are
separated to provide a rectangular void as seen from the radial
direction of the rotor.

The connecting magnet 206 has a shape that fills in
between the first rotor core 204 and the second rotor core 205.
Specifically, the connecting magnet 206 of the seventh
embodiment is configured of a magnet main body portion 216
that fills in between the core base 208 of the first rotor core
204 and a core base 211 of the second rotor core 205, a
plurality of interpolar magnet portions 217 that fills gaps
between the first hook-shaped poles 209 of the first rotor core
204 and the second hook-shaped poles 212 of the second rotor
core 205, and back magnet portions 218 that fills gaps at the
back surfaces of the respective hook-shaped poles 209, 212.
Thus, the connecting magnet 206 of the seventh embodiment
is an integrated connecting magnet (integrated permanent
magnet) 206 as an integrated auxiliary magnet, in which the



US 9,273,691 B2

25

magnet main body portion 216, the interpolar magnet por-
tions 217, and the back magnet portions 218 are formed
integrally.

A total of ten interpolar magnet portions 217 are formed at
equal intervals in the circumferential direction around the
magnet main body portion 216 having the substantially disk
shape so as to correspond to ten gaps in the circumferential
direction that are formed between the first hook-shaped poles
209 and the second hook-shaped poles 212. A total of ten back
magnet portions 218 are formed in the circumferential direc-
tion so as to connect the adjacent interpolar magnet portions
217. Further, a through hole 219 for passing the rotation shaft
207 is formed through the center of the magnet main body
portion 216.

As shownin FIG. 39 and FIG. 40, the integrated connecting
magnet 206 of the seventh embodiment is magnetized such
that the first rotor core 204 is the N pole and the second rotor
core 205 is the S pole. Specifically, the integrated connecting
magnet 206 is magnetized in the axial direction of the rotor
(oriented from the second rotor core 205 toward the first rotor
core 204) at the magnet main body portion 216; is magnetized
in the circumferential direction of the rotor (oriented from the
second rotor core 205 toward the first rotor core 204) at the
interpolar magnet portions 217; and is magnetized in the
radial direction of the rotor (oriented from the second rotor
core 205 toward the first rotor core 204) at the back magnet
portions 218. Thus, as shown in FIG. 39 and FIG. 40, mag-
netic moment in a direction of an arrow M1 is produced in the
magnet main body portion 216, magnetic moment in a direc-
tion of an arrow M2 is produced in the interpolar magnet
portions 217, and magnetic moment in a direction of an arrow
M3 is produced in the back magnet portions 218.

The connecting magnet 206 of the seventh embodiment is
configured of a sintered magnet, a bonded magnet (plastic
magnet, rubber magnet, and the like), for example. Further,
other than the above, for example, a ferrite magnet, a
samarium-iron-nitrogen (Sm—Fe—N) magnet, a samarium-
cobalt magnet, a neodymium magnet, an Al—Ni—Co mag-
net and the like may be used.

Next, the operation of the motor 201 of the seventh
embodiment will be described with reference to FIGS. 39 and
40.

As shownin FIG. 39 and FIG. 40, the integrated connecting
magnet 206 of the seventh embodiment, the magnet main
body portion 216 is magnetized in the orientation of the
magnetic moment in a direction of the arrow M1, the inter-
polar magnet portions 217 are magnetized in the orientation
of the magnetic moment in a direction of the arrow M2, and
the back magnet portions 218 are magnetized in the orienta-
tion of the magnetic moment in a direction of the arrow M3.
Dueto this, the first rotor core 204 becomes the N pole and the
second rotor core 205 becomes the S pole. Thus, as shown in
FIG. 40, magnetic flux loops indicated by an arrow Bx that
passes into the first rotor core 204 or the second rotor core 205
are produced between the first rotor core 204 and the second
rotor core 205. Due to this, the rotor 203 functions as the
Randell type motor in the magnetic field system and is
capable of rotating relative to the stator 202.

Thus, in the case of the seventh embodiment, the connect-
ing magnet 206 for providing the polarities to the first and
second rotor cores 204, 205 is configured by the integrated
connecting magnet 206 in which the magnet main body por-
tion 216, the interpolar magnet portions 217, and the back
magnet portions 218 are integrated. Thus, the number of
components required for the connecting magnet 206 can be
suppressed to a small number. Due to this, the number of
assembly steps for the rotor 203 can be reduced, and an
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assembly cost can be suppressed. Further, since the connect-
ing magnet 206 in itself constitutes a single large component,
durability against a centrifugal force generated upon a rota-
tion of the rotor becomes high. Due to this, scattering of the
interpolar magnet portions 217 in the connecting magnet 206
due to the centrifugal force of the rotor can be made unlikely
to occur.

Further, in the rotor 203 of the seventh embodiment, in the
case of employing, as the magnet material of the connecting
magnet 206, for example the bonded magnet and the like, the
integrated connecting magnet 206 can be formed by insert-
forming the bonded magnet into the first rotor core 204 (or the
second rotor core 205). By so doing, since no adhesive layers
or mechanical air gaps will be generated between the first
rotor core 204 (or the second rotor core 205) and the connect-
ing magnet 206, permeance of the motor 201 can be
increased, and an effect of torque improvement becomes
high.

According to the configuration of the seventh embodiment,
advantages as described below can be achieved.

(21) The connecting magnet 206 that causes the first and
second rotor cores 204, 205 to function as the iron cores ofthe
N pole and the S pole is provided between the first rotor core
204 and the second rotor core 205. The connecting magnet
206 is formed in the shape including the magnet main body
portion 216 that fills the gap in the axial direction provided
between the first rotor core 204 and the second rotor core 205,
the interpolar magnet portions 217 that fill the gaps in the
circumferential direction provided between the hook-shaped
poles 209, 212, and the back magnet portions 218 that fill the
gaps provided at the back surfaces of the respective hook-
shaped poles 209, 212, while forming them into a single
integrated component. Due to this, a structure for preventing
leakage of magnetic flux from the gaps between the first rotor
core 204 and the second rotor core 205 can be realized with a
small number of components. Further, since the number of
components of the rotor 203 can be reduced, the assembly
steps of the components can be reduced, whereby the assem-
bly cost of the components can be kept low. Further, since the
connecting magnet 206 becomes a single component having
a relatively large mass, the scattering of the connecting mag-
net 206 caused by the centrifugal force of the rotor 203 can be
made unlikely to occur.

(22) The magnet main body portion 216 is magnetized in
the axial direction of the rotor, the interpolar magnet portions
217 are magnetized in the circumferential direction of the
rotor, and the back magnet portions 218 are magnetized in the
radial direction of the rotor. Thus, since the magnetic
moments M1 to M3 of the magnet main body portion 216, the
interpolar magnet portions 217, and the back magnet portions
218 are magnetized in their optimal directions, N pole and S
pole with strong magnetic flux can be generated respectively
in the first rotor core 204 and the second rotor core 205.

(23) In the case of forming the integrated connecting mag-
net 206 by the sintered magnet or the bonded magnet, since it
becomes possible to form the integrated connecting magnet
206 for example by either compression forming or injection
forming, a manufacturing method thereofis not limited to one
method.

(24) Since the integrated connecting magnet 206 can be
formed by the ferrite magnet, the samarium-iron-nitrogen
magnet, the samarium-cobalt magnet, the neodymium mag-
net, the AI—Ni—Co magnet, or the like, the integrated con-
necting magnet 206 can be manufactured even from such
widely-used materials.

(25) Since the rotor cores 204, 205 and the integrated
connecting magnet 206 are assembled firmly by latching of
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protrusions and recess patterns of one another, an effect of
retaining a state in which the components are positioned
becomes prominent.

(26) Since the first and second rotor cores 204, 205 are
assembled firmly with the integrated connecting magnet 206
by a magnetic force thereof, the effect of retaining the state in
which the components are positioned becomes more promi-
nent.

(27) For example, in the case of forming the integrated
connecting magnet 206 by insert-forming the bonded magnet
and the like in the rotor core 204 (205), since no adhesive
layers or mechanical air gaps will be generated between the
rotor core 204 (205) and the connecting magnet 206, the
permeance of the motor 201 can be increased, and the effect
of torque improvement becomes high.

The seventh embodiment is not limited to the aforemen-
tioned configurations, and may be changed to the following
embodiment.

As in an integrated connecting magnet (integrated auxil-
iary magnet) 206 shown in FIG. 41, magnetized manners of
interpolar magnet portions 217 and back magnet portions 218
that function auxiliary relative to a primary magnet main
body portion 216 may be of polar anisotropic orientation.
More specifically, the so-called magnetization with the polar
anisotropic orientation is performed on the interpolar magnet
portions 217 and the back magnet portions 218 such that
magnetic flux flows while being curved (protruding inwardly
in a radial direction) from outer surfaces of the back magnet
portions 218 that are of S poles to outer surfaces of the back
magnet portions 218 that are of N poles via adjacent interpo-
lar magnet portions 217. Due to this, since the back magnet
portions 218 have magnetic flux with radial components, and
the interpolar magnet portions 217 have magnetic flux with
circumferential components, the connecting magnet 206
shown in FIG. 41 functions similar to the integrated connect-
ing magnet 206 shown in FIG. 39. That is, in the integrated
connecting magnet 206 shown in FIG. 41 also, rectification of
the magnetic flux in the rotor 203 is performed by the inter-
polar magnet portions 217 and the back magnet portions 218,
and an effect of reducing magnetic flux leakage is exhibited.
According to this configuration, the interpolar magnet por-
tions and the back magnet portions can be magnetized to have
the components in the respectively optimal directions, and in
addition, the magnetization of both portions can collectively
be performed from the outer surface sides of the back magnet
portions.

As to a method of magnetization of the integrated connect-
ing magnet 206 shown in FIG. 41, a magnetizing device 220
shown in FIGS. 42A and 42B is used. FIG. 42B shows a first
magnetizing device 221 that magnetizes the magnet main
body portion 216 of the integrated connecting magnet 206.
The first magnetizing device 221 has magnetizing portions
221a, 2215 with different poles that respectively face front
and back surfaces of the disk shaped magnet main body
portion 216, and magnetization along a thickness direction
(axial direction) of the magnet main body portion 216 is
performed. Further, in FIGS. 42A and 42B, a second magne-
tizing device 222 that magnetizes the interpolar magnet por-
tions 217 and the back magnet portions 218 is shown. The
second magnetizing device 222 has five each of magnetizing
portions 222a, 2225 with different poles, that is a total of ten,
arranged alternately at equal intervals in a circumferential
direction. Further, the respective magnetizing portions 222a,
222b face corresponding outer surfaces of the back magnet
portions 218 that are arranged at ten positions in the circum-
ferential direction at equal intervals. Accordingly, the mag-
netization is collectively performed from the outer surface
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sides of the back magnet portions 218, and the magnetization
(with the aforementioned polar anisotropic orientation) that
curves across the adjacent back magnet portions 218 with the
interpolar magnet portion 217 sandwiched therebetween is
performed.

Further, in regards to an order of magnetization of the
magnet main body portion 216, the interpolar magnet por-
tions 217, and the back magnet portions 218, if the magneti-
zation of the magnet main body portion 216 is performed
simultaneously as that of the interpolar magnet portions 217
and the back magnet portions 218, the number of magnetizing
steps can be reduced, and thereby the integrated connecting
magnet 216 can be formed in a short period of time. Further,
if the magnetization of the magnet main body portion 216 and
the magnetization of the interpolar magnet portions 217 and
the back magnet portions 218 are performed differently in
time, interference of the magnetic flux upon magnetizing the
magnet main body portion 216 and the magnetic flux upon
magnetizing the interpolar magnet portions 217 and the back
magnet portions 218 can be prevented. Especially, if the mag-
netization on a magnet main body portion 216 side is per-
formed preceding in time, the magnetization of the magnet
main body portion 216 side can be expected to be ensured;
whereas if the magnetization on interpolar magnet portions
217 and back magnet portions 218 sides is performed preced-
ing in time, the magnetization of the interpolar magnet por-
tions 217 and back magnet portions 218 sides can be expected
to be ensured.

As shown in FIG. 43 and FIG. 44, a rotation shaft 207 may
be formed integrally with a first rotor core 204 and a second
rotor core 205. In this case, since a connecting magnet 206
can be of a simple disk without any holes, an increase in
magnetic flux that is to be lost at a hole portion can be
expected, and an effect of torque improvement becomes high.
Further, since a hole processing on the connecting magnet
206 becomes unnecessary, a reduction in a manufacturing
cost can also be expected. Moreover, since the rotor cores
204, 205 will be given a function of the rotation shaft, the
rotation shaft 207 as a component becomes unnecessary, and
an effect of component number reduction becomes high. In
the case of FIG. 43 and FIG. 44, although the connecting
magnet 206 is described as having a simple disk shape, this
may be changed to the integrated connecting magnet
described in the seventh embodiment and further examples
thereof.

The rotor 203 is not limited to a one-layer structure includ-
ing only one pair of the first rotor core 204 and the second
rotor core 205, and may have a tandem structure as shown in
FIG. 45. The rotor with the tandem structure is configured of
a plurality of rotor units 231, 231. A rotor unit 231 of the
seventh embodiment is identical to the rotor 203 described in
the seventh embodiment. Further, in the case with the tandem
structure, the rotor units 231, 231 are arranged upside down
with each other in an axial direction such that their N poles (or
S poles) make contact with each other. Notably, although in
the case of FIG. 45 also, the connecting magnets 206 are
described as having a simple disk shape, they may be changed
to integrated connecting magnets 206 described in the sev-
enth embodiment. By employing the tandem structure, since
larger areas of the N pole and the S pole at the surfaces of each
connecting magnet 206 can be provided, an effect of torque
improvement is high.

In the case of configuring the rotor 203 in the tandem
structure, as shown in FI1G. 46, first rotor cores 204 (or second
rotor cores 205) that made contact with each other at their
same poles may be formed integrally. In the case of FIG. 46,
the rotor cores of the N poles are formed integrally. In the case
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of FIG. 46 also, although the connecting magnets 206 are
described as having a simple disk shape, they may be changed
to integrated connecting magnets.

The number of the hook-shaped poles 209, 212 are not
limited to the numbers described in the seventh embodiment,
and may be changed to other numbers.

The first rotor core 204 may be the S pole, and the second
rotor core 205 may be the N pole.

As a material of the integrated connecting magnet 206,
those other than the materials described in the seventh
embodiment may suitably be employed.

The shape of the integrated connecting magnet 206 is not
limited to the shape described in the seventh embodiment, and
may be changed to any shape so long as the magnet main body
portion 216, the interpolar magnet portions 217, and the back
magnet portions 218 are included.

The number of the interpolar magnet portions 217 and the
back magnet portions 218 may suitably be changed in accor-
dance with the numbers of the hook-shaped poles 209, 212.

The magnetized directions of the magnet main body por-
tion 216, the interpolar magnet portions 217 and the back
magnet portions 218 may be changed to other directions so
long as the first and second rotor cores 204, 205 can be given
the desired poles.

Eighth Embodiment

An eighth embodiment of the present invention will be
described below in accordance with the drawings. Notably,
for convenience of description, same configurations as the
first embodiment will be given the same reference signs, and
the description thereof will be omitted.

As shown in FIG. 47A to FIG. 48, a rotor 311 includes first
and the second rotor cores 321, 322, a ring magnet 323 as a
field magnet (see FIG. 48), first and second back auxiliary
magnets 324, 325, and interpolar magnet portions 326. Nota-
bly, arrows in FIG. 47A to FIG. 48 shown with solid lines
respectively indicate magnetized directions (oriented from an
S poleto an N pole) of respective magnets 323, 324, 325, 326.

As shown in FIG. 47A to FIG. 48, since the first and second
rotor cores 321, 322, the ring magnet 323, the first back
auxiliary magnets 324, and the second back auxiliary mag-
nets 25 of the eighth embodiment correspond to the first and
the second rotor cores 21, 22, the ring magnet 23, the first
back auxiliary magnets 24, and the second back auxiliary
magnets 25 of the first embodiment, descriptions thereof will
be omitted.

In the rotor 311, first hook-shaped poles 3215 that are to be
the N poles and second hook-shaped poles 3225 that are to be
the S poles are alternately arranged in a circumferential direc-
tion, and the number of poles in the rotor 311 is ten (five pole
pairs).

The first back auxiliary magnets 324 and the second back
auxiliary magnets 325 have their axial lengths set such that
they overlap with each other in an axial direction at an axial
position in the rotor 311 in which the ring magnet 323 is to be
arranged; in other words, such that they extend to the axial
position where the ring magnet 323 is arranged from both
surfaces of the rotor 311. In the rotor 311 with such a con-
figuration, it assumes a structure in which the second hook-
shaped poles 3225 having the second back auxiliary magnets
325 arranged therein and the first hook-shaped poles 3215 are
alternately arranged in the circumferential direction at a part
in the axial direction where a first core base 321a is included.
Further, at a part in the axial direction where the ring magnet
323 is included, a structure thereof becomes similar to that of
a typical rotor (having permanent magnets with different
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poles arranged alternately in the circumferential direction)
with the first and the second back auxiliary magnets 324, 325.
Further, at a part in the axial direction where a second core
base 322a is included, it assumes a structure in which the first
hook-shaped poles 3215 having the first back auxiliary mag-
nets 324 arranged therein and the second hook-shaped poles
322p are arranged alternately in the circumferential direction.

As shown in FIGS. 47A, 47B, and 49, the interpolar mag-
net portions 326 are arranged between the first hook-shaped
poles 3215 and the second hook-shaped poles 3224 in the
circumferential direction. More specifically, the interpolar
magnet portions 326 are arranged on only one side of the
respective first and the second hook-shaped poles 3215, 3225.
Each of the interpolar magnet portions 326 is fixed to fit
between a flat surface formed by a circumferential end sur-
face 3214 of the first hook-shaped pole 3215 at a first side
(side in a counter-clockwise direction) and a circumferential
end surface of the first back auxiliary magnet 324 on the first
side, and a flat surface formed by a circumferential end sur-
face 22¢ of the second hook-shaped pole 3225 on a second
side (side in a clockwise direction) and a circumferential end
surface of the second back auxiliary magnet 25 on the second
side. The interpolar magnet portions 326 are magnetized in
the circumferential direction so that their parts facing the
corresponding ones of the hook-shaped poles 32154, 3225
have the same polarities therewith (the parts on the first hook-
shaped pole 3215 side are the N poles, and the parts on the
second hook-shaped pole 3225 side are the S poles). A gap K
is formed between a radially inner end surface 3264 of each
interpolar magnet portion 326 and outer circumferential sur-
faces 321/, 322f of the first and second core bases 321a, 322a.
Notably, a gap is formed between a circumferential end sur-
face 321¢ of each first hook-shaped pole 3215 on the second
side (side in the clockwise direction) and a circumferential
end surface 22d of each second hook-shaped pole 3225 on the
first side (side in the counter-clockwise direction).

Next, the operation of a motor 301 will be described.

In the rotor 311, magnetic flux leakage between the hook-
shaped poles 3215, 3225 is reduced by the interpolar magnet
portions 326, which are magnetized such that their parts with
the same polarities as the corresponding ones of the first and
the second hook-shaped poles 32156, 3226 face thereto,
arranged between the first and second hook-shaped poles
3215, 3226 in the circumferential direction. The interpolar
magnet portions 326 are arranged on only one side of the first
and second hook-shaped poles 3215, 3225 (side of the cir-
cumferential end surfaces 321d, 322¢), and the number
thereof is five, which is half the number of poles in the rotor
311.

Here, in the aforementioned motor 301 (rotor 311), for
example, compared to a case in which (a total of ten interpolar
magnet portions) the interpolar magnet portions 326 are
arranged in every interval between the first and second hook-
shaped poles 3215, 3225 in the circumferential direction, in a
case where none of (zero) interpolar magnet portions is
arranged, an output of the motor 301 decreases by about 40%.
On the other hand, in a case where the interpolar magnet
portions 326 are arranged on the one side of the first and
second hook-shaped poles 3215, 3225 as in the rotor 311 of
the eighth embodiment, the decrease in the motor output is
less than 20% compared to the case of arranging the interpolar
magnet portions in every interval in the circumferential direc-
tion. That is, compared to the case of simply omitting the
interpolar magnet portions 326, a magnetic balance in the
rotor 311 is improved and a cogging torque is reduced by
regularly arranging the interpolar magnet portions 326 at a
reduced total number, whereby the decrease in the output
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(decreasing rate) due to the reduction of the interpolar magnet
portions 326 can be suppressed. Accordingly, the improve-
ment in the output of the motor 301 can be achieved effec-
tively with less number of the interpolar magnet portions 326
than the number of poles in the rotor 311 while suppressing an
increase in the number of components. Further, such a rotor
311 is especially useful in adapting to a low-power motor in
which an influence in an output variation caused by the reduc-
tion of the interpolar magnet portions 326 is relatively small.

Further, in the case of arranging the interpolar magnet
portions 326 in every interval in the circumferential direction,
since the same number of the interpolar magnet portions 326
as the number of the poles of the rotor 311 will be required,
not only the number of components increase according to the
increase in the poles, but also an assembly work therefore
becomes burdensome. Contrary to this, by reducing the num-
ber ofthe interpolar magnet portions 326 as in the rotor 311 of
the eighth embodiment, the increase in the number of com-
ponents according to the increase in the poles can be sup-
pressed. That is, assembly workability can be improved, and
a manufacturing cost can be reduced.

Next, advantages that are characteristic to the eighth
embodiment will be described below.

(28) In the rotor 311 of the eighth embodiment, the inter-
polar magnet portions 326 that are magnetized to have their
parts with the same polarities as the corresponding ones of the
hook-shaped poles 3215, 3225 to face thereto are arranged
between the first hook-shaped poles 3215 and the second
hook-shaped poles 32256 in the circumferential direction,
regularly (on the one side of the hook-shaped poles 3215,
322b) at the number (five) less than the number of poles of the
rotor 311. The magnetic flux leakage generated at the respec-
tive hook-shaped poles 3215, 3225 is reduced by arranging
the interpolar magnet portions 326, and the magnetic balance
in the rotor 311 is improved and the cogging torque thereofis
reduced by arranging the interpolar magnet portions 326
regularly. That s, the increase in the number of components is
suppressed by arranging the interpolar magnet portions 326 at
the appropriate positions, and the improvement in the output
of'the motor 301 can be achieved effectively with the reduced
number of interpolar magnet portions 326.

Further, by appropriately arranging the reduced number of
interpolar magnet portions 326, the increase in the number of
components according to the increase in the poles in the rotor
311 can be suppressed. Due to this, the assembly workability
of'the rotor 311 can be improved, and the manufacturing cost
can be reduced.

(29) The number of the interpolar magnet portions 326 is
half the number of poles in the rotor 311, and the interpolar
magnet portions 326 can easily and regularly be arranged
between the first and second hook-shaped poles 3215, 3225.

(30) The first and the second back auxiliary magnet 324,
325 that are magnetized to have their parts with the same
polarities as the poles of the respective hook-shaped poles
321b, 322b on an outer side in the radial direction are
arranged on the back surfaces 321e, 322¢ of the first and
second hook-shaped poles 3215, 3225. Due to this, the mag-
netic flux leakage generated in each of the hook-shaped poles
3215, 3226 and between them and the ring magnet 323 (field
magnet) can be reduced, and further contribution to a high
output motor 301 can be achieved.

The eighth embodiment may be changed as follows.

In the eighth embodiment, the number and the arranged
positions of the interpolar magnet portions 326 are presented
by way of example, and may suitably be changed. For
example, at least one interpolar magnet portion 326 may be
omitted between first hook-shaped poles 3215 and second
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hook-shaped poles 3225 in a circumferential direction. In this
case, the interpolar magnet portions 326 are preferably
arranged regularly.

Further, although in the eighth embodiment, the rotor 311
having the number of poles of ten (five pole pairs), that is, the
rotor 311 having an odd number of pole pairs is used, for
example, rotors 331, 332 having an even number of pole pairs,
namely, the rotor 331 as shown in FIG. 50 A having the num-
ber of poles of eight (four pole pairs), or the rotor 332 as
shown in FIG. 50B having the number of poles of twelve (six
pole pairs), may be used. In each of the rotors 331, 332, the
second hook-shaped poles 3224 at which interpolar magnet
portions 326 are not arranged at the two sides in the circum-
ferential direction and the second hook-shaped poles 3225
with the interpolar magnet portions 326 on only one side in
the circumferential direction are set to be same numbers (half
the number of poles), which are arranged alternately in the
circumferential direction. Due to this, the interpolar magnet
portions 326 can easily and regularly be arranged relative to
each of the rotors 331, 332, whereby an increase in the num-
ber of components is suppressed, and an improvement in an
output of a motor 301 can be achieved effectively with the
reduced number of interpolar magnet portions 326. Notably,
an arrangement of the interpolar magnet portions 326 may be
a combination of poles with the interpolar magnet portions on
one side or both sides in the circumferential direction, and
poles without the interpolar magnet portions. Further, such
combinations may be adapted to the rotor 311 having the odd
number of pole pairs.

In the eighth embodiment, a shape of the interpolar magnet
portions 326 is shown by way of example, and the shape may
suitably be changed. For example, they may have a shape that
completely fits within each gap K.

In the eighth embodiment, its configuration may be
changed to a configuration in which the first and second back
auxiliary magnets 324, 325 are omitted.

Although not specifically mentioned in the eighth embodi-
ment, the rotor 311 and the stator 306 may be configured for
example by stacking magnetic metal plate materials, or mold-
ing magnetic powder materials.

Ninth Embodiment

Herein below, the ninth embodiment of the present inven-
tion will be described with reference to FIG. 51 to FIG. 55.

As shown in FIG. 51, a stator S is fixed at an inside of a
motor case (not shown) of a brushless motor 401. A stator
core 402 of the stator S is formed by stacking a plurality of
stator core pieces 402a formed of iron plates.

As shown in FIG. 51, at an inside of the stator core 402, a
rotor R that is inserted into and fixed to a rotation shaft 403 is
arranged. The rotation shaft 403 is a non-magnetic metal shaft
in the ninth embodiment, and is rotatably supported by a
bearing (not shown) provided in the motor case. The rotor R
fixed to the rotation shaft 403 is a rotor R with a Randell type
structure.

As shown in FIG. 52 to FIG. 54, the rotor R includes a first
rotor core 410, a second rotor core 420 arranged to face the
first rotor core 410, and a ring magnet 430 arranged between
the first rotor core 410 and the second rotor core 420 (see F1G.
53 and FIG. 54).

As shown in FIG. 54, the first rotor core 410 includes a first
core base 412, and is fixed to the rotation shaft 403.

Five first arm portions 413 are formed to protrude in a
radial direction at equal intervals at an outer circumferential
surface 412q of the first core base 412. A width of each of the
first arm portions 413 in a circumferential direction is formed
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s0 as to be smaller than an interval with an adjacent first arm
portion 413. An outer circumferential surface 413a of each
first arm portion 413 is an arc-shaped surface having a center
axis line C of the rotation shaft 403 at its center in an axial
view. Both side surfaces 4135 of each first arm portion 413 in
the circumferential direction are plan surfaces, and the plan
surfaces are formed to intersect with the center axis line C of
the rotation shaft 403.

Further, on the outer circumferential surface 412a of the
first core base 412, first fitting recess portions 415 formed in
an arc shape in the axial view are concavely formed between
the respective first arm portions 413. Each of the arc-shaped
first fitting recess portions 415 has its deepest part positioned
ata midpoint in a radial direction of the first arm portions 413
on its both sides, and is formed such that a normal line that
passes through the deepest part intersects with the center axis
line C of the rotation shaft 403.

Further, each first fitting recess portion 415 is concavely
formed such that its opening width in the circumferential
direction becomes smaller than a width between the adjacent
first arm portions 413 in the circumferential direction.
Accordingly, a stepped surface that is formed by the outer
circumferential surface 4124 of the first core base 412 and the
side surface 4135 of the first arm portion 413 is positioned on
the both sides of the opening of the first fitting recess portion
415.

A first hook-shaped pole 411 that extends toward the sec-
ond rotor core 420 is formed along an axial direction at a
distal end portion of each first arm portion 413 on a second
rotor core 420 side.

That is, the first rotor core 410 has the first hook-shaped
poles 411 formed toward the second rotor core 420 from the
five first arm portions 413 formed on the first core base 412.
Further, each first arm portion 413 forms a base portion that is
a part of the corresponding first hook-shaped pole 411.

A width of an outer surface 411a of each first hook-shaped
pole 411 in the circumferential direction is same as the width
of the outer circumferential surface 413a of the first arm
portion 413 in the circumferential direction. Further, the outer
surfaces 411a are level with the outer circumferential sur-
faces 4134, and are formed on the same arc-shaped surface
therewith.

Further, an inner surface 4115 of each first hook-shaped
pole 411 is expanded to an inside of the first core base 412
than the first arm portions 413. The inner surface 4115 has
different shapes divided with an extended line of an intersect-
ing line as a borderline, obtained by intersecting the outer
circumferential surface 4124 of the first core base 412 and the
side surfaces 4135 of the first arm portion 413.

More specifically, a part of the inner surface 4115 on a side
separated from the center axis line C with respect to the
aforementioned extended line as a borderline are formed to be
flush with the side surfaces 4135 of the first arm portion 413.
On the other hand, a part closer to the center axis line C with
respect to the aforementioned extended line as the borderline
is formed to be an arc-shaped surface having an arc shape
toward the center axis line C in the axial view. Accordingly,
the inner surface 4115 of each first hook-shaped pole 411 is
formed in a U-shape.

The second rotor core 420 is configured of the same shape
and the same material as of the first rotor core 410, and as
shown in FIG. 54, includes a second core base 422, and is
fixed to the rotation shaft 403.

Five second arm portions 423 are formed to protrude in the
radial direction at equal intervals on an outer circumferential
surface 422a of the second core base 422. A width of each of
the second arm portions 423 in the circumferential direction
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is formed so as to be smaller than an interval with an adjacent
second arm portion 423. An outer circumferential surface
423a of each second arm portion 423 is an arc-shaped surface
having the center axis line C of the rotation shaft 403 at its
center in the axial view. Both side surfaces 4235 of each
second arm portion 423 in the circumferential direction are
plan surfaces, and the plan surfaces are formed to intersect
with the center axis line C of the rotation shaft 403.

Further, on the outer circumferential surface 422a of the
second core base 422, second fitting recess portions 425
formed in an arc shape in the axial view are concavely formed
between the second arm portions 423. Each of the arc-shaped
second fitting recess portions 425 has its deepest part posi-
tioned at a midpoint in the radial direction of the second arm
portions 423 on its both sides, and is formed such that a
normal line that passes through the deepest part intersects
with the center axis line C of the rotation shaft 403.

Further, each second fitting recess portion 425 is concavely
formed such that its opening width in the circumferential
direction becomes smaller than a width between the adjacent
second arm portions 423 in the circumferential direction.
Accordingly, a stepped surface that is formed by the outer
circumferential surface 4224 of the second core base 422 and
the side surface 4234 of the second arm portion 423 is posi-
tioned on the both sides of the opening of the second fitting
recess portion 425.

A second hook-shaped pole 421 that extends along the
axial direction toward the first rotor core 410 is formed at a
distal end portion of each second arm portion 423 on a first
rotor core 410 side.

That is, the second rotor core 420 has the second hook-
shaped poles 421 formed toward the first rotor core 410 from
the five second arm portions 423 formed on the second core
base 422. Further, each second arm portion 423 forms a base
portion that is a part of the corresponding second hook-
shaped pole 421.

A width of an outer surface 421a of each second hook-
shaped pole 421 in the circumferential direction is same as the
width of the outer circumferential surface 423a of the second
arm portion 423 in the circumferential direction. Further, the
outer surfaces 421a are level with the outer circumferential
surfaces 4234, and are formed on the same arc-shaped surface
therewith.

Further, an inner surface 4215 of each second hook-shaped
pole 421 is expanded to an inside of the second core base 422
than the second arm portions 423. The inner surface 4215 has
different shapes divided with an extended line of an intersect-
ing line as a borderline obtained by intersecting the outer
circumferential surface 4224 of the second core base 422 and
the side surfaces 4235 of the second arm portion 423 inter-
sect.

More specifically, a part of the inner surface 4215 on a side
separated from the center axis line C with respect to the
aforementioned extended line as the borderline are formed to
flush with the side surfaces 4235 of the second arm portion
423. On the other hand, a part closer to the center axis line C
side with the aforementioned extended line as the borderline
is formed to be an arc-shaped surface having an arc shape
toward the center axis line C in the axial view. Accordingly,
the inner surface 4215 of each second hook-shaped pole 421
is formed in a U-shape.

First rectifying magnets 418 are arranged so as to face the
inner surfaces 4115 of the first hook-shaped poles 411, and
second rectifying magnets 428 of the same shape and the
same material as the first rectifying magnets 418 are arranged
s0 as to face the inner surfaces 4215 of the respective second
hook-shaped poles 421.
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Each first rectifying magnet 418 has a cross-sectional
shape in the radial direction of a U-shape, and an inner surface
418b thereof has the same shape as the inner surface 41156 of
the corresponding first hook-shaped pole 411 to make tight
contact therewith. An outer surface 418a of each first rectify-
ing magnet 418 has the same shape as the recessed surface of
the corresponding second fitting recess portion 425 formed
on the outer circumferential surface 422a of the second core
base 422 to make tight contact therewith.

Further, an outer surface of each first rectifying magnet 418
in the radial direction (outer surface of the first rectifying
magnet 418 in a direction parallel to the radial direction of the
rotor R) is formed in an arc shape that is level with the outer
surfaces 411a of the first hook-shaped poles 411.

On the other hand, each second rectifying magnet 428 has
a cross-sectional shape of a U-shape in the radial direction,
and an inner surface 4284 thereof has the same shape as the
inner surface 4215 of the corresponding second hook-shaped
pole 421 to make tight contact therewith. An outer surface
428a of each second rectifying magnet 428 has the same
shape as the recessed surface of the corresponding first fitting
recess portion 415 formed on the outer circumferential sur-
face 412a of the first core base 412 to make tight contact
therewith.

Further, an outer surface of each second rectifying magnet
428 in the radial direction (outer surface of the second recti-
fying magnet 428 in a direction parallel to the radial direction
of'the rotor R) is formed in an arc shape that is level with the
outer surfaces 421a of the second hook-shaped poles 421.

As shown in FIG. 54, each first rectifying magnet 418
includes a pair of first extended portions 419 that extends
from both end portions of the first rectifying magnet 418 on
the first rotor core 410 side so as to make tight contact with the
stepped surfaces formed by the outer circumferential surface
412a of the first core base 412 and the side surfaces 4136 of
the corresponding first arm portion 413.

Outer surfaces 4194 of both first extended portions 419 in
the radial direction (outer surfaces of the first extended por-
tions 419 in a direction parallel to the radial direction of the
rotor R) are formed in an arc-shape to be respectively level
with the outer circumferential surface 413a of the first arm
portion 413. Further, inner surfaces 4195 of the both first
extended portions 419 in the radial direction are formed in an
arc shape so as to be level with the outer circumferential
surface 412a of the first core base 412.

Further, both side surfaces 419¢ of the both first extended
portions 419 in the circumferential direction (outer surfaces
of the first extended portions 419 in a direction along the
circumferential direction of the rotor) are formed respectively
in a shape to make tight contact with the side surface 41356 of
the corresponding first arm portion 413 and in a shape to make
tight contact with the outer surface 428a of the corresponding
second rectifying magnet 428 that fits with the recessed sur-
face of the corresponding first fitting recess portion 415.

Yet further, distal end surfaces of the both first extended
portions 419 are formed as plan surfaces, that become level
with a surface 422¢ of the first core base 412 on the opposite
side from the second rotor core 420 side (see FIG. 53) when
the first rectifying magnets 418 are arranged to face the inner
surfaces 4115 of the first hook-shaped poles 411.

As shown in FIG. 54, each second rectifying magnet 428
includes a pair of second extended portions 429 that extends
from both end portions of the second rectifying magnet 428
on the second rotor core 420 side so as to make tight contact
with the stepped surfaces formed by the outer circumferential
surface 4224 of the second core base 422 and the side surfaces
4235 of the corresponding second arm portion 423.
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Outer surfaces 429q of both second extended portions 429
in the radial direction (outer surfaces of the second extended
portions 429 in a direction parallel to the radial direction of
the rotor R) are formed in an arc-shape to be respectively level
with the outer circumferential surface 423a of the second arm
portion 423. Further, inner surfaces 4295 of the both second
extended portions 429 in the radial direction are formed in an
arc shape so as to be level with the outer circumferential
surface 422a of the second core base 422.

Further, both side surfaces 429¢ of the both second
extended portions 429 in the circumferential direction (outer
surfaces of the second extended portions 429 in a direction
along the circumferential direction of the rotor) are formed
respectively in a shape to make tight contact with the side
surface 4235 of the corresponding second arm portion 423
and in a shape to make tight contact with the outer surface
418a of the corresponding first rectifying magnet 418 that fits
with the recessed surface of the corresponding second fitting
recess portion 425.

Yet further, distal end surfaces of the both second extended
portions 429 are formed as plan surfaces, that become level
with a surface 412¢ of the second core base 422 on the
opposite side from the first rotor core 410 side (see FIG. 53)
when the second rectifying magnets 428 are arranged to face
the inner surfaces 4215 of the second hook-shaped poles 421.

Further, in a state in which the first rectifying magnets 418
are arranged to surround the first hook-shaped poles 411 and
the second rectifying magnets 428 are arranged to surround
the second hook-shaped poles 421, the first rotor core 410 and
the second rotor core 420 overlap such that the first hook-
shaped poles 411 and the second hook-shaped poles 421 are
arranged alternately.

When the first hook-shaped poles 411 and the second
hook-shaped poles 421 are arranged alternately in the circum-
ferential direction, the side surfaces 419¢ of the first rectify-
ing magnets 418 make tight contact with the outer surfaces
428a of the second rectifying magnets 428. Similarly, the side
surfaces 429¢ of the second rectifying magnets 428 make
tight contact with the outer surfaces 4184 of the first rectify-
ing magnets 418.

As shown in FIG. 55, the first rectifying magnets 418
including the first extended portions 419 are magnetized
toward a first hook-shaped pole 411 side (toward a first arm
portion 413 side in the first extended portions 419) so as to be
vertical to the inner surfaces 4185 (side surfaces 419¢ in the
first extended portions 419) of the first rectifying magnets
418. Further, the first rectifying magnets 418 are magnetized
such that the first hook-shaped pole 411 side (first arm portion
413 side in the first extended portions 419) becomes the N
pole, and a side opposite from the first hook-shaped pole 411
side (side opposite from the first arm portion 413 side in the
first extended portions 419) is the S pole.

Further, as shown in FIG. 55, the second rectifying mag-
nets 428 including the second extended portions 429 are
magnetized toward a side opposite from a second hook-
shaped pole 421 side (toward an opposite side from a second
arm portion 423 side in the second extended portions 429) so
as to be vertical to the outer surfaces 428a of the second
rectifying magnets 428 (side surfaces 429¢ in the second
extended portions 429). Further, the second rectifying mag-
nets 428 are magnetized such that a side opposite from the
second hook-shaped pole 421 side (side opposite from the
second arm portion 423 side in the second extended portions
429) is the N pole, and the second hook-shaped pole 421 side
(second arm portion 423 side in the second extended portions
429) is the S pole.
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Further, upon overlapping the first rotor core 410 and the
second rotor core 420 so that the first hook-shaped poles 411
and the second hook-shaped poles 421 are arranged alter-
nately in the circumferential direction, the ring magnet 430 is
arranged between the first rotor core 410 and the second rotor
core 420.

The ring magnet 430 is sandwiched and fixed by the first
rotor core 410 and the second rotor core 420. Further, both
side surfaces 430qa, 4305 of the ring magnet 430 in the axial
direction respectively make contact with the corresponding
surfaces 4125, 4225 in a face-to-face relation therewith, of the
first and second core bases 412, 422. The ring magnet 430
includes a through hole 430c¢ at its center, through which the
rotation shaft 403 is inserted. An outer circumferential sur-
face 4304 of the ring magnet 430 contacts the outer circum-
ferential surfaces of the first rectifying magnets 418 and the
second rectifying magnets 428, that is, with parts closest to
the center axis line C, of the first rectifying magnets 418 and
the second rectifying magnets 428.

The ring magnet 430 is magnetized in the axial direction
such that the first core base 412 side is the N pole, and the
second core base 422 side is the S pole. Accordingly, by the
ring magnet 430, the respective first hook-shaped poles 411 of
the first rotor core 410 function as the N pole (first pole) and
the respective second hook-shaped poles 421 of the second
rotor core 420 function as the S pole (second pole).

Next, the operation of the rotor R configured as above will
be described.

The U-shaped first rectifying magnets 418 are arranged to
respectively surround the respective first hook-shaped poles
411 of the first rotor core 410. At this occasion, since a single
first rectifying magnet 418 is mounted on each first hook-
shaped pole 411. Dueto small number of components, a work
to mount the first rectifying magnets 418 to the first hook-
shaped poles 411 can be performed within a short period of
time.

Further, the U-shaped second rectifying magnets 428 are
arranged to respectively surround the respective second
hook-shaped poles 421 of the second rotor core 420. At this
occasion, similarly, since a single second rectifying magnet
428 is mounted on each second hook-shaped pole 421. Due to
small number of components, a work to mount the second
rectifying magnets 428 to the second hook-shaped poles 421
can be performed within a short period of time.

Next, the first rotor core 410 and the second rotor core 420
are combined to overlap so that the first hook-shaped poles
411 and the second hook-shaped poles 421 are arranged alter-
nately in the circumferential direction. In combining as
above, the ring magnet 430 is arranged between the first rotor
core 410 and the second rotor core 420 to be sandwiched
therebetween.

The rotor R is formed by fixing the first rotor core 410 and
the second rotor core 420 that sandwich the ring magnet 430
to the rotation shaft 403.

Next, advantages of the ninth embodiment as configured
above will be described below.

(31) According to the ninth embodiment, since first and
second rectifying magnet 418, 428 as a single component is
respectively mounted to each of the first and second hook-
shaped poles 411, 421, the number of components can be
made small. Due to this, the work to mount the first and
second rectifying magnets 418, 428 to the respective first and
second hook-shaped poles 411, 421 can be performed within
a short period of time. As a result, cost reduction of the rotor
R is achieved, and a low cost for the motor 401 can be
realized.
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(32) According to the ninth embodiment, the inner surfaces
4115 of the first hook-shaped poles 411 are surrounded by the
inner surfaces 4186 of the first rectifying magnets 418 in a
tight contact manner, and the inner surfaces 4215 of the
second hook-shaped poles 421 are surrounded by the inner
surfaces 4285 of the second rectifying magnets 428 in a tight
contact manner. Thus, magnetic flux of the first and second
rectifying magnets 418, 428 is effectively used, and an
increase of an output of the motor can be achieved.

(33) According to the ninth embodiment, the first rectifying
magnets 418 are magnetized to be the N poles similar to the
first hook-shaped poles 411 so that a magnetized orientation
of the first rectifying magnets 418 becomes vertical to the
inner surfaces 4115 of the first hook-shaped poles 411. Fur-
ther, the second rectifying magnets 428 are magnetized to be
the S poles similar to the second hook-shaped poles 421 so
that a magnetized orientation of the second rectifying mag-
nets 428 becomes vertical to the inner surfaces 4215 of the
second hook-shaped poles 421. Accordingly, rectification of
magnetic paths between the first hook-shaped poles 411 and
the second hook-shaped poles 421 is performed more effi-
ciently, and a high output of the motor can be achieved.

The ninth embodiment may be implemented by changing it
as follows.

Although in the ninth embodiment, five each of the firstand
second hook-shaped poles 411, 421 is formed, the present
invention is not limited hereto, and may be implemented with
the numbers thereof suitably changed.

Although in the ninth embodiment, the inner surfaces
4115, 42156 of the first and second hook-shaped poles 411,
421 are formed in a U-shape, the inner surfaces 4115, 4215
may be formed in a C-shape. In this case, the inner surfaces of
the rectifying magnets need to be formed into a C-shape
correspondingly.

The invention claimed is:

1. A rotor comprising:

a first rotor core including a disk-shaped first core base and

a plurality of first hook-shaped magnetic poles arranged
at equal intervals on a peripheral portion of the first core
base, wherein each of the first hook-shaped magnetic
poles protrudes outward in a radial direction of the rotor
and includes a first extended portion that extends along
an axial direction of the rotor;

a second rotor core including a disk-shaped second core
base and a plurality of second hook-shaped magnetic
poles arranged at equal intervals on a peripheral portion
of the second core base, wherein each of the second
hook-shaped magnetic poles protrudes outward in the
radial direction and includes a second extended portion
that extends along the axial direction, and the first and
second hook-shaped magnetic poles are alternately
arranged along a circumferential direction of the rotor so
that the first and second core bases are opposed in the
axial direction;

a field magnet arranged between the first and second core
bases in the axial direction, wherein the field magnet is
magnetized along the axial direction so that the first
hook-shaped poles function as first poles and the second
hook-shaped poles function as second poles; and

an auxiliary magnet includes at least two or more interpolar
magnet portions that are integrally formed, wherein each
of the interpolar magnet portions is arranged in a void
between the first hook-shaped poles and the second
hook-shaped poles and magnetized in the circumferen-
tial direction, wherein

the auxiliary magnet includes back magnet portions
arranged on back surfaces of the first and second hook-
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shaped poles, wherein the back magnet portions are
magnetized so that an outer part in the radial direction
facing the corresponding back surface has the same
polarity as the corresponding hook-shaped pole,

each of the interpolar magnet portions extends outward in

the radial direction from the back magnet portion and is
magnetized so as to have same polarity as the first and
second hook-shaped poles that are adjacent to each
other,

the auxiliary magnet includes the back magnet portion and

the interpolar, magnet portions that are integrally
formed, and the auxiliary magnet contacts the corre-
sponding hook-shaped pole in the radial direction and
the circumferential direction, and

the auxiliary magnet is magnetized so as to have the same

magnetized direction as the corresponding hook-shaped
poles magnetized by the field magnet.

2. The rotor according to claim 1, wherein

the first and second core bases include outer surfaces facing

opposite directions,

the auxiliary magnet includes an axial direction covering

magnet portion formed integrally with the interpolar
magnet portions to cover the outer surface of one of the
first and second core bases; and

the axial direction covering magnet portion is magnetized

along the axial direction.

3. The rotor according to claim 1, wherein

the auxiliary magnet includes a connecting portion located

at a distal side of the extended portion in an extending
direction and connecting the interpolar magnet portions,
and

the auxiliary magnet is formed integrally in advance by

connecting the interpolar magnet portions with the con-
necting portion.

4. The rotor according to claim 1, wherein the interpolar
magnet portions are arranged in all voids between the first and
second hook-shaped poles.

5. The rotor according to claim 1, wherein

the at least two or more interpolar magnet portions are

arranged to sandwich each of the first and second hook-
shaped poles in the circumferential direction, and

the auxiliary magnet undergoes two-color molding to inte-

grally mold the interpolar magnet portions.

6. The rotor according to claim 1, wherein

the auxiliary magnet is divided in the circumferential direc-

tion into a plurality of circumferentially divided portions
that are arranged consecutively and adjacently in the
circumferential direction, and

each of the circumferentially divided portions includes the

back magnet portion and the interpolar magnet portions.

7. The rotor according to claim 1, wherein

the auxiliary magnet is divided in the axial direction into a

plurality of axially divided portions that are arranged
consecutively and adjacently in the axial direction; and
each of the circumferentially divided portions includes the
back magnet portion and the interpolar magnet portions.

8. The rotor according to claim 1, wherein the auxiliary
magnet is formed integrally to be annular and includes an
anisotropic magnet portion and a different property portion
having a magnetic property that differs from the anisotropic
magnet portions.
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9. The rotor according to claim 1, wherein

the auxiliary magnet includes a magnet main body portion,
which is arranged in a gap in the axial direction between
the first rotor core and the second rotor core, and a back
magnet portion arranged in a gap at back surface sides of
the first and second hook-shaped poles, and

the auxiliary magnet includes the magnet main body por-
tion, the back magnet portion, and the interpolar magnet
portions, which are integrally formed.

10. The rotor according to claim 9, wherein

the magnet main body portion is magnetized along the
axial direction,

the interpolar magnet portions are magnetized along the
circumferential direction, and

the back magnet portions are magnetized along the radial
direction.

11. The rotor according to claim 9, wherein the auxiliary

magnet has a polar anisotropic orientation of which magnetic
flux flows in a curved manner from one of the back magnet
portions via the interpolar magnet portion adjacent to the
back magnet portion toward the other one of the back magnet
portion that has a different pole.

12. The rotor according to claim 1, wherein

each of the interpolar magnet portions includes a part fac-
ing one of the first and second hook-shaped poles; and
the part is magnetized to have the same polarity with the
corresponding hook-shaped pole, and

the interpolar magnet portions, the number of which is less
than the total number of poles of the first and second
hook-shaped poles, are arranged regularly.

13. The rotor according to claim 1, wherein

the auxiliary magnet further includes back magnet portions
arranged in gaps at back surface sides of the first and
second hook-shaped magnetic poles and

the auxiliary magnet including the back magnet portions
and the interpolar magnet portions are formed integrally
to be annular.

14. The rotor according to claim 13, wherein

the interpolar magnet portions are magnetized along the
circumferential direction and

the back magnet portions are magnetized along the radial
direction.

15. The rotor according to claim 13, wherein the auxiliary

magnet has a polar anisotropic orientation of which magnetic
flux flows in a curved manner from one of the back magnet
portions via the interpolar magnet portion adjacent to the
back magnet portion toward the other one of the back magnet
portion that has a different pole.

16. The rotor according to claim 1, further comprising:

a plurality of first rectifying magnets each surrounds an
entire inner surface of the first hook-shaped magnetic
pole, wherein each of the first rectifying magnets is
formed by a single member; and

a plurality of second rectifying magnets each surrounds an
entire inner surface of the second hook-shaped magnetic
pole, wherein each of the second rectifying magnets is
formed by a single member.

17. A motor comprising the rotor according to claim 1.
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